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FIGURE A 

CSA-LIGHT Nucleotide Construct (SEQ ID NO:l) 

ACCCGTGTGTAAAGCCGCGTTTCCAAAATGTATAAAACCGAGAGCATCTGGCCAATG 
TGCATCAGTTGTGGTCAGCAGCAAAATCAAGTGAATCATCTCAGTGCAACTAAAGGG 
GGGATCCGATCTCAATATGAAGTTAIGCATATTACTGGCCGTCGTGGCCITTGTTGG 
CCTCTCGCTCGGGAGATCTCATCATCACCATCACCATATCACCGGCACCTGGTACAA 
CCAGCTCGGCTCGACCTTCACGTGACCGCGGGCGCCGATGGCGCCCTGACCGGAAC 
CTACGAGTCGGCCGTCGGCAACGCCGAGAGCCGCTACGTCCTGACCGGTCGTTACGA 
CAGCGCCCCGGCCACCGACGGCAGCGGCACCGCCCTCGGTTGGACGGTGGCCTGGAA 
GAATAACTACCGCAACGCCCACTCCGCGACCACGTGGAGCGGCCAGTACGTCGGCGG 
CGCCGAGGCGAGGATCA ACACCCAGTGGCTGCTGACCTCCGGCGCCACCGAGGCCAA 

CGCCTGGAAGTCCACGCTGGTCGGCCACGACACCTTCACCAAGGTGAAGCCGTCCGC 
CGCCT CAAGCGAATTCCAACGATCTCACCAGGCCAACCCAGCAGCACATCTTACAGG 

AGCCAACGCCAGCTTGATAGGTATTGGTGGACCTCTGTTATGGGAGACACGACTTGG 
CCTGGCCTTCTTGAGGGGCTTGACGTATCATGATGGGGCCCTGGTGACCATGGAGCC 
CGGTTACTACTATGTGTACTCCAAAGTGCAGCTGAGCGGCGTGGGCIGCCCCCAGGG 
GCTGGCCAATGGCCTCCCCATCACCCATGGACTATACAAGCGCACATCCCGCTACCC 
GAAGGAGTTAGAACTGCTGGTCAGTCGGCGGTCACCCTGTGGCCGGGCCAACAGCTC 
CCGAGTCTGGTGGGACAGCAGCTTCCTGGGCGGCGTGGTACATCTGGAGGCTGGGGA 
AGAGGGGTGGTCCGCGTGCCTGGAA ACCGCCTGGICAGACCACGTGACGGCACCAG 

GICCTATTTCGGAGCTTTCATGGTCTGAAGGCTGCGGTGACAATGTATTTTGTGGAG 
GGACCTCTCCAGGACT CACCCTCGAGTCTAGAGGGCCCTTCGAAGGTAAGCCTATCC 

CTA ACCCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCAT CACCATCACCATT 
GAGTTTAAACCCGCTG 
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FIGURE 1 B 

CSA-LIGHT Fusion Protein (SEQ ID NO:2) 

MKLCILLAVVAFWGLSLGRSHHHHHHITGTWYNOLGSTFWTAGADGALTGTYESAV 

GNAESRYVLTGRYDSAPATDGSGTALGWTVAWKNNYRNAHSATWSGQYVGGAEAR 
NTQWLLTSGATE ANAWKSTLVGHDIFKvKPSAASSEFQRSHQANPAAHLTGANASL 

IGGGPLLWETRLGLAFLRGLTYHDGALVTMEPGYYYWYSKVOLSGVGCPQGLANGL 

PTTHGLYKRTSRYPKELELLWSRRSPCGRANSSRVWWDSSFLGGVVHLEAGEEVVVR 

VPGNRLVRPRDGTRSYFGAFMV 
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FIGURE 2A 

CD80-CSA Nucleotide Construct (SEQ ID NO:3) 

CATCTCCAGTGCAACTAAAGGGGGGATCCGATCTCAATATGAAGTTATGC 

ATATTACTGGCCGTCGTGGCCTTTGTTGGCCTCTCGCTCGGGAGATCTAT 

CCACGTGACCAAGGAAGTGAAAGAAGTGGCAACGCTGTCCTGTGGTCACA 

ATGTTTCTGTTGAAGAGCTGGCACAAACTCGCATCTACTGGCAAAAGGAG 

AAGAAAATGGTGCTGACTATGATGTCTGGGGACATGAATAATGGCCCGA 

GTACAAGAACCGGACCATCTTTGATATCACIAAIAACCTCTCCATTGTGA 

TCCTGGCTCTGCGCCCATCTGACGAGGGCACAIACGAGIGTGITGTTCTG 

AAGTAIGAAAAAGACGCTTTCAAGCGGGAACACCTGGCTGAAGTGACGTT 

ATCAGTCAAAGCTGACTTCCCTACACCTAGTATATCTGACTTTGAAATTC 

CAACTTCTAATATTAGAAGGATAATTTGCTCAACCTCTGGAGGTTTTCCA 

GAGCCICAC CTCTCCIGGTTGGAAAATGGAGAAGAATIAAATGCCAICAA 

CACAACAGTTTCCCAAGATCCTGAAACTGAGCTCTATGCTGTTAGCAGCA 

AACTGGATTTCAATATGACAACCAACCACAGCTTCATGTGTCTCATCAAG 
TATGGACATTIAAGAGTGAATCAGACCTTCAACTGGAATACAACCAAGCA 

AGAGAGATCTCATCATCACCATCACCATATCACCGGCACCTGGTACA ACC 

AGCTCGGCTCGACCTTCATCGTGACCGCGGGCGCCGACGGCGCCCTGACC 

GGAACCTACGAGTCGGCCGTCGGCAACGCCGAGAGCCGCTACGTCCTGAC 

CGGTCGTTACGACAGCGCCCCGGCCACCGACGGCAGCGGCACCGCCCTCG 

GTTGGACGGTGGCCTGGAAGAATAACTACCGC AACGCCCACTCCGCGACC 

ACGTGGAGCGGCCAGTACGTCGGCGGCGCCGAGGCGAGGATCAACACCCA 

GTGGCTGTTGACCTCCGGCGCCACCGAGGCCAACGCCTGGAAGTCCACGC 

TGGTCGGCCACGACACCTTCACCAAGGTGAAGCCGTCCGCCGCCTCAAGC 

CGAATTCTGCAGATAICCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGC 

CCTTCGAAGGTAAGCCTATCCCTAACCCTCTCCTCGGTCTCGATTCTACG 

CGTACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGC 

CTCGACTGTGCITICIAA 
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FIGURE 2B 

CD80-CSA Fusion Protein (SEQ ID NO:4) 

M. K L C T L L A V V A F W G T S L G R S T H W T K E V K E 

V A T L S C G H N V S V E E L A Q T R I Y W O K E K K M V 

L., T M M S G D M N I W P E Y K. N. R T I F D I T N N L S I V 

I L. A. L R P S D E G T Y E C V V L. K. Y. E. K. D. A. F. K. R. E. H. L. 

A E W T L S. V K A D F P T P S S D F E P T S N T R R 

I C S T S G G F P E P H L S W L E N G E E L N A I N T T V 

S Q D P E T E L Y A V S S K L D F N M T T N H S F M C L I 

K Y G H L R V N Q T F N W N T T K Q E R S H H H H H H I. T. 
G T W Y N C L G S T F I W T A G A D G A L T G T Y E S A V 

G. N. A E S R Y V G R Y D S A P A D. G. S G T A L G W 

W A. W. K. N. N. Y. R. N. A H S A T T W S G Q Y V G G A E A R N 

T Q W L L T S G A T E A N A W. K S T L V G. H. D. T. F. T. K V K 

P S A A S S R I, O L S S T W A A. A R V 
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FIGURE 3A 

CSA-4-1 BBL Nucleotide Construct (SEQ ID NO:5) 

TTCATGCAACTAAAGGGGGGATCCGATCTCAATATGAAGTTATGCATATT 

ACTGGCCGTCGTGGCCTTTGTTGGCCTCTCGCTCGGGAGATCTCATCATC 

ACCATCACCATATCACCGGCAC CTGGTACAACCAGCTCGGCTCGACCTTC 

ATCGTGACCGCGGGCGCCGATGGCGCCCTGACCGGAACCTACGAGTCGGC 

CGTCGGCA ACGCCGAGAGCCGCTACGTCCTGACCGGTCGTTACGACAGCG 

CCCCGGCCACCGACGGCAGCGGCACCGCCCTCGGTTGGACGGTGGCCTGG 

AAGAATAACTACCGCA ACGCCCACTCCGCGACCACGTGGAGCGGCCAGTA 

CGTCGGCGGCGCCGAGGCGAGGATCA ACACCCAGTGGCTGTTGACCTCCG 

GCGCCACCGAGGCCAACGCCTGGAAGTCCACGCTGGTCGGCCACGACACC 

TTCACCAAGGIGAAGCCGTCCGCCGCCTCAAGCGAATTCCGCACCGAGCC 

TCGGCCAGCGCTCACAATCACCACCTCGCCCAACCTGGGTACCCGAGAGA 

ATAATGCAGACCAGGTCACCCCTGTTTCCCACATTGGCTGCCCCAACACT 

ACACA ACAGGGCTCTCCTGTGTTCGCCAAGCTACTGGCTAAAAACCAAGC 

ATCGTTGTGCAATACAACTCTGAACTGGCACAGCCAAGATGGAGCTGGGA 

GCTCATAC CTATCCAAGGTCTGAGGTACGAAGAAGACAAAAAGGAGTTG 

GTGGTAGACAGTCCCGGGCTCTACTACGTATTTTTGGAACTGAAGCTCAG 

TCCAACATTCACAAACACAGGCCACAAGGTGCAGGGCTGGGTCTCTCTTG 

IIITGCAAGCA AAGCCTCAGGTAGATGACTTTGACAACTTGGCCCTGACA 

GTGGAACTGITCCCTTGCTCCATGGAGAACAAGTTAGTGGACCGTTCCTG 

GAGTCAACTGTTGCTCCTGAAGGCTGGCCACCGCCTCAGTGTGGGTCTGA 
GGGCTTATCTGCATGGAGCCCAGGATGCATACAGAGACTGGGAGCTGTCT 

TATCCCAACACCACCAGCTTTGGACTCTTTCTTGTGAAACCCGACA ACCC 

AIGGGAATGAGAACTATCCTTCTTGTGACTCCTAGTTGCTAAGTCCTCAA 

GCIGCTATGCTCGAGTCTAGAGGGCCCTTCGAAGGTA AGCCTATCCCTAA 

CCCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCATCACCATCACC 

ATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTTCTAA 
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FIGURE 4B 

CSA-human 4-1 BBL Fusion Protein (SEQ ID NO:8) 

MKLCILLAVVAFVGLSLGRSHHHHHHCTGTWYNOLGSTFVAGADGATGTYESAV 
GNAESRYVLT-GRYDSAPATDGSGTALGWTVAWKNNY RNAHSATTWSGOYVGGAEARI 
NTQWLLTSGATEANAWKSTLVGHDTFTKVRPSAASSEFACPWAVSGARASPGSAASP 
RLREGPELSPDDPAGLLDLROGMFAOLVAQNWLLIDGPLSWYSDPGLAGVSLTGGLS 
YKEDTKELVVAKAGWYYVFFOLELRRVVAGEGSGSVSLALHLQPLRSAAGAAALALT 
VDLPPASSEARNSAFGFOGRLLHLSAGORLGVHLHTEARARHAWOLTOGATVLGLFR 
VTPEL PAGIPSPRSE 
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FIGURE 5A 

CD86-CSA Nucleotide Construct (SEQ ID NO:9) 

CATCTCCAGTGCAACTAAAGGGGGGATCCGATCTCAATATGAAGTTATGCATATTAC 

TGGCCGTCGTGGCCTTTGTTGGCCTCTCGCTCGGGAGATCTGCTCCTCTGAAGATTC 

AAGCTTATTTCAATGAGACTGCAGACCTGCCATGCCAATTTGCAAACTCTCAAAACC 

AAAGCCTGAGTGAGCTAGTAGTATTTTGGCAGGACCAGGAAAACTTGGTTCTGAATG 

AGGTATACTTAGGCAAAGAGAAATTTGACAGTGTTCATTCCAAGTATATGGGCCGCA 

CAAGTTTTGATCGGACAGTTGGACCCTGAGACTTCACAATCT CAGATCAAGGACA 

AGGGCTGTATCAATGTATCATCCATCACAAAAAGCCCACAGGAATGATTCGCATCC 

ACCAGAGAATTCTGAACTGTCAGTGCTTGCTAACTTCAGTCA ACCTGAAATAGTAC 

CAATTTCTAATATA ACAGAAAATGTGTACATAAATTTGACCTGCTCATCTATACACG 

GTTACCCAGAACCTAAGAAGATGAGTGTTTTGCTAAGAACCAAGAATTCAACTATCG 

AGTATGATGGTATTATGCAGAAATCTCA AGATAATGTCACAGAACTGTACGACGTTT 

CCATCAGCTTGTCTGTTTCATTCCCTGATGTTACGAGCAATATGACCATCTICTGTA 
TTCTGGAAACTGACAAGACGCGGCTTTTATCTTCACCTTTCTCTATAGAGCTTGAGG 

ACCCTCAGCCTCCCCCAGACCACATTCCTAGATCTCATCAT CACCATCACCATATCA 

CCGGCAC CTGGTACA ACCAGCTCGGCTCGACCTTCATCGTGACCGCGGGCGCCGACG 

GCGCCCTGACCGGAACCTACGAGTCGGCCGTCGGCA ACGCCGAGAGCCGCTACGTCC 

TGACCGGTCGTACGACAGCGCCCCGGCCACCGACGGCAGCGGCACCGCCCTCGGTT 

GGACGGTGGCCTGGAAGAATAACTACCGCA ACGCCCACTCCGCGACCACGTGGAGCG 

GCCAGTACGTCGGCGGCGCCGAGGCGAGGATCA ACACCCAGTGGCTGTTGACCTCCG 

GCGCCACCGAGGCCA ACGCCTGGAAGTCCACGCTGGTCGGCCACGACACCTTCACCA 

AGGTGAAGCCGTCCGCCGCCTCA AGCCGAATTCTGCAGATATCCAGCACAGTGGCGG 

CCGCTCGAGTCTAGAGGGCCCTTCGAAGGTAAGCCTATCCCTAACCCTCTCCTCGGT 

CTCGATTCTACGCGTACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGA 

TCAGCCTCGACTGIGCTTICTAA 
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FIGURE 6A 

HPV 16 E6 Amino Acid Sequence (SEQ ID NO:ll) 

MHQKRTAMFODPOER PRKLPOLCTELOTTLHDI ILECVYCKOOLLRREVYDF AFRDL 

CIWYRDGNPYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQQYNKPLCDLLIRCINCQ 

KPLCPEEKQRHILDKKQRFHNIRGRWIGRCMSCCRSSRTRRETOL 

FIGURE 6B 

Variant HPV 16 E6 Amino Acid Sequence (SEQ ID NO:12) 

MFQDPOERPTKL PDLCTELOTTIHDIILECWYCKQOLLRREVYDF AFRDLCIWYRDG 
NPYAVCDKCLKFYSKISEYRHYCYSLYGTTLEQOYNKPLCDLLIRCINGQKPLCPDE 
KQRHLDKKQRFHNIRGRWTGRCMSCCRSSRTRRETOL 

FIGURE 6C 

HPV 16 E7 Amino Acid Sequence (SEQ ID NO:13) 

MHGDIPTLHEYMLLLQPETTDLYCYEQLNDSSEEEDEIDGPAGOAEPDRAHYNIVTF 

CCKCDSTLRLCVOSTHVDLRTLEDLLMGTLGLVCPICSOKP 
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FIGURE 7A 

CSA-hCD40L Nucleotide Construct (SEQ ID NO:14) 

CCGATCTCAATATGAAGTTATGCATATTACTGGCCGTCGTGGCCTTTGTT 

GGCCTCTCGCTCGGGAGATCTCATCATCACCATCACCATATCACCGGCAC 

CTGGTACAACCAGCTCGGCTCGACCTTCATCGTGACCGCGGGCGCCGATG 

GCGCCCTGACCGGAACCTACGAGTCGGCCGTCGGCA ACGCCGAGAGCCGC 

TACGTCCTGACCGGTCGTTACGACAGCGCCCCGGCCACCGACGGCAGCGG 

CACCGCCCTCGGTTGGACGGTGGCCTGGAAGAATAACTACCGCAACGCCC 

ACTCCGCGACCACGTGGAGCGGCCAGTACGTCGGCGGCGCCGAGGCGAGG 

ATCA ACACCCAGTGGCTGTTGACCTCCGGCGCCACCGAGGCCAACGCCTG 

GAAGTCCACGCTGGTCGGCCACGACACCTTCACCAAGGTGAAGCCGTCCG 
CCGCCTCA AGCGAATTCTTGGACAAGATAGAAGATGAAAGGAATCTTCAT 

GAAGATTTTGTATTCATGAAAACGATACAGAGATGCA ACACAGGAGAAAG 

ATCCTTATCCTTACTGAACTGTGAGGAGATTAAAAGCCAGTTTGAAGGCT 

TTGTGAAGGATATAATGTTAAACAAAGAGGAGACGAAGAAAGAAAACAGC 

TTTGAAATGCAAAAAGGTGATCAGAATCCT CAAATTGCGGCACATGTCAT 

AAGTGAGGCCAGCAGTAAAACAACATCTGTGTTACAGTGGGCTGAAAAAG 

GATACTACAC CATGAGC AACAACTTGGTAACCCTGGAAAATGGGAAACAG 

CTGACCGTTAAAAGACAAGGACTCTATTATATCTATGCCCAAGT CACCTT 

CTGT"I'CCAATCGGGAAGCTTCGAGTCAAGCTCCATTTATAGCCAGCCTCT 

GCCTAAAGTCCCCCGGTAGATTCGAGAGAATCTTACTCAGAGCTGCAAAT 

ACCCACAGTTCCGCCAAACCTTGCGGGCAACAATCCATTCACTTGGGAGG 

AGTATTTGAATTGCA ACCAGGTGCTTCGGTGTTTGTCAATGTGACTGATC 

CAAGCCAAGTGAGCCATGGCACTGGCTTCACGTCCTTTGGCTTACT CAAA 

CTCTGAACAGTGTCACCTTGCAGGAGCTCTAAGCCGAATTCTGCAGATA 

CCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCCCTTCGAAGGTAAGCC 

TATCCCTAACCCTCTCCTCGGTCTCGATTCTACGCGTACCGGTCATCATC 

ACCATCACCATTGAGTTTAAACCCGCTGAICAGCCTCGACTGTGCCTTTC 

TAA 
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pMTV Bap/Vs-His-A pMTf BiP/V5-His-A 

FIGURE 6 
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IMMUNOSTIMULATORY COMPOSITIONS 
AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of U.S. patent 
application Ser. No. 12/553,770 filed Sep. 3, 2009 (now U.S. 
Pat. No. 8,017,582), which is a divisional of U.S. patent 
application Ser. No. 1 1/635,066 filed Dec. 7, 2006 (now U.S. 
Pat. No. 7,598.345), and claims the benefit under 35 U.S.C. 
S119(e) of the filing dates of the following U.S. provisional 
applications: 60/748,177 (filed Dec. 8, 2005); 60/771,179 
(filed Feb. 6, 2006): 60/799,643 (filed May 12, 2006); and 
60/863,173 (filed Oct. 27, 2006). Each of the foregoing appli 
cations is incorporated by reference herein in its entirety. 

SEQUENCE LISTING 

The instant application contains a Sequence Listing which 
has been submitted electronically in ASCII format and is 
hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Jul. 8, 2014, is named 089885-0121 SL.txt 
and is 46,606 bytes in size. 

FIELD OF THE INVENTION 

The present invention generally relates to methods of gen 
erating or enhancing an immune response, including an 
immune response against an antigen, to compositions for 
effecting the methods, and to modified immune cells useful in 
such methods. 

BACKGROUND OF THE INVENTION 

Approaches directed to boosting a hosts immune response 
to address diseases and conditions characterized by a defi 
ciency in immunity or resolvable by a more aggressive 
immune response have been described. Exemplary diseases 
or conditions where such approaches may be advantageous 
include cancer, influenza and human immunodeficiency virus 
(HIV). 

Cancer treatments involving Surgery, chemotherapy and 
radiotherapy are commonly used, but these approaches lack 
tumor specificity, resulting in adverse side effects and less 
than satisfactory clinical responses. Accordingly, methods of 
boosting the immune response to cancer by specifically 
directing that response to the target cancerous cells without 
significant, detrimental effects on normal cells would offer 
distinct advantages over traditional cancer therapy. 

There is a consensus that immune Surveillance plays a role 
in the prevention and eradication of tumors, and adaptive 
immunity mediated by T cells plays a role in this process. See, 
e.g., Pardoll, Nat. Rev. Immunol. 2002, 2:227-38: Rosenberg, 
Nature 2001, 411: 380-84: Finn, O J. Nat. Rev. Immunol. 
2003,3:630-41. T cell-mediated immunity also plays a role in 
various immunotherapeutic approaches that have shown effi 
cacy in preclinical and limited clinical settings. See, e.g., 
Pardoll, Supra; Finn, Supra; Antonia et al., Curr. Opin. Immu 
nol 2004, 16:130-6. Tumors are targeted by the immune sys 
tem because they express tumor associated antigens (TAAS), 
which are either mutated or over?aberrantly expressed self 
proteins, or proteins derived from oncogenic viruses. See, 
e.g., Finn, Supra; Antonio, Supra. Under physiological condi 
tions, tumor antigens are picked up by dendritic cells (DC), 
carried to peripheral lymphoid organs, and presented to naive 
T cells under immunogenic conditions allowing for their 
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2 
activation and differentiation into effector cells (T). These 
cells then traffic to tumor sites and generate anti-tumor 
responses for tumor eradication. See, e.g., Spiotto, et al., 
Immunity. 2002; 17:737-47; Ochsenbein et al., Nature 2001; 
411:1058-64; Yu et al., Nat. Immunol. 2004; 5:141-9. 
A productive T cell response requires three distinct signals: 

Signals 1, 2, and 3. Signal 1 is generated by T cell receptors 
(TCR) interacting with nominal peptides presented by major 
histocompatibility complex (MHC) molecules on the surface 
of professional antigen presenting cells (APCs). Signal 2 is 
mediated by a series of costimulatory molecules and is criti 
cal to a Sustained immune response. Signal 3 is transduced via 
cytokines elaborated by activated lymphocytes and APCs, 
Such as macrophages and DC, and is important to the main 
tenance of effector immune responses. 
Tumors have developed various mechanisms to evade 

immune Surveillance. These mechanisms include: (i) lack of 
Signal 1, arising from either the inefficient display of MHC/ 
tumor antigenbimolecular complexes on tumor cells, defects 
in the transduction of this signal, or expression of MHC 
homologues, MIC, that inhibit natural killer (NK cells) 
expressing NKG2 inhibitory receptors; (ii) absence of Signal 
2 originating from the lack of costimulatory molecules or 
expression of coinhibitory molecules on tumor cells; (iii) 
tumor-mediated Suppression of immune responses through 
the secretion of anti-inflammatory molecules, induction of 
anergy in tumor-reactive T cells, physical elimination of T 
cells via apoptosis, or induction of naturally occurring CD4" 
CD25"FoxP3"T regulatory (T) cells, and (iv) regulation of 
immunity by the tumor stroma. Accumulating evidence Sug 
gests that many of these mechanisms may operate simulta 
neously in patients with large tumor burdens. 

Cancer vaccines which include antigens from the target 
cancer have attracted particular interest because of the prom 
ise of specificity, safety, efficacy and the long-term memory 
of the immune system that may prevent recurrence of the 
cancer. Once it was established that the immune system plays 
an important role in safeguarding individuals against cancer 
and may be modulated to eradicate existing tumors in animal 
models, intense efforts were devoted to the development of 
therapeutic vaccines. See, e.g., BerZofsky et al., J. Clin. Invest 
2004, 113:1515-25; Platsoucas et al., Anticancer Res. 2003: 
23, 1969-96; Finn, supra. Current vaccine strategies include 
the use of specific TAAS in conjunction with nonspecific or 
specific adjuvants, whole tumor cell lysates, tumor cells 
genetically modified to express costimulatory molecules, 
cytokines, and/or chemokines, DC pulsed with tumor anti 
gens or transfected with tumor RNA or DNA, and intratu 
moral injection of a range of vectors encoding various immu 
nostimulatory molecules. The limited efficacy of these 
approaches may stem from the ability of progressing tumors 
to control immune responses using one or several immune 
evasion strategies, or due to immunosuppressive mecha 
nisms, inefficient presentation of TAAS, or lack of potent 
activation of DC, T cells, and NK cells. 

SUMMARY OF THE INVENTION 

The present invention provides immunostimulatory com 
positions and methods. 

In accordance with one embodiment, the invention pro 
vides a combination comprising (a) a first conjugate compris 
ing (i) a conjugate member comprising a first immune co 
stimulatory polypeptide and (ii) a conjugate member 
comprising a first member of a binding pair, and (b) a second 
conjugate comprising (i) a conjugate member comprising a 
first antigen and (ii) a conjugate member comprising a second 
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member of the binding pair. In one embodiment, the first 
member of the binding pair may comprise avidin or strepta 
vidin and the second member of the binding pair may com 
prise biotin. In another embodiment, the first conjugate may 
comprise a fusion polypeptide comprising the first immune 
co-stimulatory polypeptide and the first member of the bind 
ing pair. In one specific embodiment, the first immune co 
stimulatory polypeptide is selected from the group consisting 
of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, B7-H3, B7-H4, 
OX40L, CD27L, CD3OL, LIGHT, BAFF, APRIL, CD80 and 
CD4OL. 

In one specific embodiment, the first antigen is associated 
with an infectious agent, Such as human or avian influenza or 
human immunodeficiency virus. In another specific embodi 
ment, the first antigen is a tumor associated antigen. 

In one embodiment, the combination further comprises a 
third conjugate comprising (i) a conjugate member compris 
ing a second immune co-stimulatory polypeptide and a first 
member of a binding pair and (ii) a conjugate member com 
prising a second antigen and a second member of a binding 
pair. In this embodiment, the second immune co-stimulatory 
polypeptide is the same as or different from the first immune 
co-stimulatory polypeptide; the second antigen is the same as 
or different from the first antigen; the first and second binding 
pair members of the third conjugate are the same as or differ 
ent from the first and second binding pair members of the first 
and second conjugates. Additionally, the first conjugate mem 
ber may be bound to the second conjugate member via bind 
ing between the first and second binding pair members. 

In another embodiment, the second conjugate of the com 
bination comprises (i) a conjugate member comprising an 
infectious agent and (ii) a conjugate member comprising a 
second member of the binding pair. 

In accordance with another aspect of the invention, there is 
provided a method of generating or enhancing an immune 
response against a tumor which expresses a first tumor-asso 
ciated antigen, comprising administering to a patient with the 
tumor (a) a first conjugate comprising (i) a conjugate member 
comprising a first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and a second conjugate comprising (i) a conjugate 
member comprising the first tumor-associated antigen and 
(ii) a conjugate member comprising a second member of the 
binding pair; or (b) immune cells which have been treated in 
vitro with the first and second conjugates. 

In one embodiment, the first and second conjugates are 
administered to the patient, separately or simultaneously, 
including as part of a single composition. 

In another embodiment, the patient is administered 
immune cells which have been treated in vitro with the first 
and second conjugates. In one specific embodiment, the 
immune cells comprise a receptor for the immune co-stimu 
latory polypeptide, and wherein the first conjugate is conju 
gated to the immune cells via binding between the immune 
co-stimulatory polypeptide and the receptors, and the second 
conjugate is conjugated to the immune cell via binding 
between the first and second binding pair members. 

In one embodiment, the method further comprises admin 
istering a third conjugate comprising (i) a conjugate member 
comprising a second immune co-stimulatory polypeptide and 
a first member of a binding pair and (ii) a conjugate member 
comprising a second tumor-associated antigen and a second 
member of a binding pair. In this embodiment, the second 
immune co-stimulatory polypeptide is the same as or differ 
ent from the first immune co-stimulatory polypeptide; the 
second antigen is the same as or different from the first anti 
gen; the first and second binding pair members of the third 
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conjugate are the same as or different from the first and 
second binding pair members of the first and second conju 
gates. Additionally, the first conjugate member may be bound 
to the second conjugate member viabinding between the first 
and second binding pair members. 

In accordance with another aspect of the invention, there is 
provided a method of modifying immune cells to generate or 
enhance an immune response to a tumor expressing a tumor 
associated antigen or to an infectious agent, comprising con 
tacting immune cells expressing a receptor for a first immune 
co-stimulatory polypeptide with (a) a first conjugate compris 
ing (i) a conjugate member comprising the first immune co 
stimulatory polypeptide and (ii) a conjugate member com 
prising a first member of a binding pair; and (b) a second 
conjugate comprising (i) a conjugate member comprising an 
antigen associated with the tumor or infectious agent or the 
infectious agent and (ii) a conjugate member comprising a 
second member of the binding pair. The first conjugate may 
be conjugated to the immune cells via binding between the 
immune co-stimulatory polypeptide and the receptor, and the 
second conjugate may be conjugated to the immune cell via 
binding between the first and second binding pair members. 

In one embodiment, the immune cell is a T cell. Such as a 
CD4+ cell or CD8+ cell, or a neutrophil, natural killer cell, 
monocyte or dendritic cell. 

In another embodiment, the immune cells comprise a 
receptor for a second immune co-stimulatory polypeptide and 
the method further comprises contacting the immune cells 
with a third conjugate comprising (i) a conjugate member 
comprising the second immune co-stimulatory polypeptide 
and a first member of a binding pair and (ii) a conjugate 
member comprising a second antigen associated with the 
tumor or infectious agent or the infectious agent and a second 
member of the binding pair. In this embodiment, the second 
immune co-stimulatory polypeptide is the same as or differ 
ent from the first immune co-stimulatory polypeptide; the 
second antigen, if present, is the same as or different from the 
first antigen, if present; the first and second binding pair 
members of the third conjugate are the same as or different 
from the first and second binding pair members of the first and 
second conjugates. Additionally, the first conjugate member 
may be bound to the second conjugate member via binding 
between the first and second binding pair members. 

In accordance with another aspect of the invention, there is 
provided a modified immune cell expressing a receptor for a 
first immune co-stimulatory polypeptide, wherein the modi 
fied immune cell is modified with (a) a first conjugate com 
prising (i) a conjugate member comprising the first immune 
co-stimulatory polypeptide and (ii) a conjugate member com 
prising a first member of a binding pair; and (b) a second 
conjugate comprising (i) a conjugate member comprising a 
first antigen or infectious agent and (ii) a conjugate member 
comprising a second member of the binding pair, wherein the 
first conjugate is conjugated to the immune cell via binding 
between the immune co-stimulatory polypeptide and the 
receptor, and the second conjugate is conjugated to the 
immune cell via binding between the first and second binding 
pair members. In one embodiment, the immune cell is a T cell, 
such as a CD4+ cell or CD8+ cell, or a neutrophil, natural 
killer cell, monocyte or dendritic cell. 

In accordance with another aspect of the invention, there is 
provided a method of inducing or enhancing an immune 
response against an infectious agent, comprising administer 
ing to a patient Suffering from or at risk of infection with the 
infectious agent (a) a first conjugate comprising (i) a conju 
gate member comprising a first immune co-stimulatory 
polypeptide and (ii) a conjugate member comprising a first 
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member of a binding pair; and (b) a second conjugate com 
prising (i) a conjugate member comprising a first antigen 
associated with the infectious agent or comprising the infec 
tious agent and (ii) a conjugate member comprising a second 
member of the binding pair. In one embodiment, at least one 
of the first and second conjugates is administered by direct 
injection into a site of infection. 

In one specific embodiment, the infection is human or 
avian influenza and the firstantigen is selected from the group 
consisting of H, N, M1, M2e, NS1, NS2 (NEP), NP, PA, PB1, 
and PB2. In another specific embodiment, the infection is 
HIV and the first antigen is selected from the group of HIV 
antigens consisting of Gag proteins, Pol, Vif Vpr Rev. Vpu, 
envelope eptiopes, Tat, and Nef. 

In one embodiment, the method further comprises admin 
istering a third conjugate comprising (i) a conjugate member 
comprising a second immune co-stimulatory polypeptide and 
a first member of a binding pair and (ii) a conjugate member 
comprising a second antigen associated with the infection or 
the infectious agent and a second member of the binding pair, 
wherein the second immune co-stimulatory polypeptide is the 
same as or different from the first immune co-stimulatory 
polypeptide; the second antigen, if present, is the same as or 
different from the first antigen, if present; the first and second 
binding pair members of the third conjugate are the same as or 
different from the first and second binding pair members of 
the first and second conjugates, and the first conjugate mem 
ber is bound to the second conjugate member via binding 
between the first and second binding pair members. 

In accordance with another aspect of the invention, there is 
provided a conjugate comprising an immune co-stimulatory 
polypeptide and avidin or streptavidin. 

In accordance with another aspect of the invention, there is 
provided a method of inducing an immunostimulatory 
response in an animal comprising administering to the animal 
a conjugate comprising an immune co-stimulatory polypep 
tide and avidin or Streptavidin. In some embodiments, the 
method further comprises administering an antigen to the 
animal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B set forth the nucleotide sequence (SEQ 
ID NO: 1) and amino acid sequence (SEQID NO:2), respec 
tively, of a fusion protein comprising core streptavidin and the 
extracellular domain of the murine LIGHT protein. The core 
streptavidin sequence is underlined in FIG. 1B. 

FIGS. 2A and 2B set forth the nucleotide sequence (SEQ 
ID NO:3) and amino acid sequence (SEQID NO:4), respec 
tively, of a fusion protein comprising the extracellular domain 
of human CD80 and core streptavidin. The core streptavidin 
sequence is underlined in FIG. 2B. 

FIGS. 3A and 3B set forth the nucleotide sequence (SEQ 
ID NO:5) and amino acid sequence (SEQID NO:6), respec 
tively, of a fusion protein comprising the extracellular domain 
of murine 4-1BBL and core streptavidin. The core streptavi 
din sequence is underlined in FIG. 3B. 

FIGS. 4A and 4B set forth the nucleotide sequence (SEQ 
ID NO:7) and amino acid sequence (SEQID NO:8), respec 
tively, of a fusion protein comprising core streptavidin and the 
extracellular domain of human 4-1BBL. The core streptavi 
din sequence is underlined in FIG. 4B. 
FIGS.5A and 5B set forth the nucleotide sequence (SEQ 

ID NO:9) and amino acid sequence (SEQID NO:10), respec 
tively, of a fusion protein comprising core streptavidin and the 
extracellular domain of human CD86. The core streptavidin 
sequence is underlined in FIG. 5B. 
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6 
FIGS. 6A, 6B and 6C set forth the amino acid sequences of 

HPV 16 E6 (SEQID NO:11), an HPV 16 E6 variant (SEQID 
NO:12), and HV 16 E7 (SEQ ID NO:13). 

FIGS. 7A & 7B set forth the nucleotide and amino acid 
sequences of the CSA-human CD40L (SEQID NOs 14 & 15) 
constructs used in the examples. 

FIG. 8 shows the results of allogenic mixed lymphocyte 
reactions using naive BALB/c lymphocytes as responders 
and allogeneic C57BL/6 irradiated splenocytes as stimula 
tors. Indicated cultures were Supplemented with 1 lug/ml 
CSA-41 BBL fusion protein. 

FIG. 9 shows the results of ex vivo T cell proliferation 
where CD8" T cells sorted from C57B76 mice were stimu 
lated with soluble anti-CD3 monoclonal antibody (0.5 g/ml) 
and irradiated splenocytes in the presence or absence of CSA 
41 BBL fusion protein (0.5 g/ml), control CSA protein (0.19 
ug/ml), or anti-4-1BB monoclonal antibody clone 3H3 (5 
g/ml). 
FIG.10 shows the proliferative response of antigen specific 

CD8+ T cells when one million OT-I CD8" T cells were 
labeled with CFSE and transferred into B6.SJL mice that 
were immunized with biotinylated OVA (10 g/injection) and 
CSA-4-1BBL fusion protein (1 lug/injection) mixed with 
biotinylated OVA (41BBL+OVA) or a conjugate comprising 
biotinylated OVA and CSA-4-1BBL. The last panel (*) shows 
the response for 5 lug of CSA-4-1BBL conjugated to 10 ug 
biotinylated OVA. Core streptavidin (SA) was used at 
equimolar level as 4-1BBL. 

FIG. 11A is a histogram showing PE+ cells of untreated 
DC (gray filled area), DC treated with biotinylated PE 
(dashed line) and DC treated with biotinylated PE/CSA-4- 
1BBL conjugate (solid line). FIG. 11B shows the mean fluo 
rescence intensity (MFI) of PE for DC receiving each treat 
ment. 

FIG.12A shows the results of flow cytometry performed to 
analyze CD86 and MHC class II levels of DC untreated (dark 
gray) or treated with CSA-41 BBL (solid line) or LPS (dashed 
line) in the presence of GM-CSF. FIG. 12B shows the mean 
fluorescence intensity of CD86 and MHC class II. 

FIG. 13 shows the mean florescence intensity of CD40, 
CD86 and MHC class II expression on DC cells from naive, 
biotinylated OVA/CSA treated, and biotinylated OVA/CSA 
4-1BBL treated animals. 

FIG. 14A shows the results of coculture experiments where 
CD4" CD25 (single positive, SP) and CD4" CD25" (double 
positive, DP) T cells were sorted from the spleen and periph 
erallymph nodes of naive BALB/c mice and cultured alone or 
at 1:1 ratio for 3 days, in cultures supplemented with irradi 
ated splenocytes, an anti-CD3 antibody (0.5ug/ml), and indi 
cated concentrations (ug/ml) of 4-1BBL or equimolaramount 
of control CSA protein. FIG. 14B shows the results of a CFSE 
assay where SPT cells labeled with CFSE were used in a 
suppression assay under conditions described for FIG. 14A, 
except that 4-1BBL was used at 0.5ug/ml. The percentage of 
dividing cells is shown for each histogram. 

FIG. 15 shows the results of ex vivo T cell proliferation 
where CD4" CD25 (single positive, SP) and CD4" CD25" 
(double positive, DP) T cells were sorted from the spleen and 
peripheral lymph nodes of naive BALB/c mice, and cultured 
alone or in a 1:1 ratio in the presence of 0.5ug/ml anti-CD3 
antibody and irradiated splenocytes with or without 1 g/ml 
of 4-1BBL. 

FIG. 16 shows the construction of CSA-hCD40L and 
CSA-mCD40L constructs. Arrows indicate primers (a,b,c,d) 
and their orientations used for cloning purposes. 

FIG. 17 shows the flow cytometry analysis demonstrating 
binding of CSA-mCD40L and CSA-hCD40L to CD40 recep 
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tors, where human THP-1 and mouse A20 cell lines were 
incubated with CSA-mCD40L or CSA-hCD40L, stained 
with FITC labeled anti-streptavidinantibody, and analyzed in 
flow cytometry. Panels (a) and (b) show binding of CSA 
mCD40L to human and mouse cell lines, respectively, and 
panels (c) and (d) show binding of CSA-hCD40L to human 
and mouse cell lines, respectively. 

FIG. 18 shows the flow cytometry analysis demonstrating 
upregulation of HLA class II and costimulatory molecules on 
macrophages stimulated with CSA-hCD40L, where a human 
THP-1 cell line was stimulated with 100 ng/ml of CSA 
hCD40L for 48 hours (thin solid lines) and analyzed using 
antibodies to HLA class II (FIG. 18A) and CD80 (FIG. 18B) 
molecules in flow cytometry. Cells incubated with CSA pro 
tein (solid histograms) and CHO cell transfectants expressing 
membrane-bound mouse CD40L (thick solid line) served as 
negative and positive controls, respectively. 

FIG. 19 shows the flow cytometry analysis demonstrating 
the phenotypic maturation of murine DCs stimulated with 
CSA-mCD40L, where bone marrow-derived immature DCs 
were stimulated with varying concentrations of CSA 
mCD40L (open histograms) for various time periods, and 
analyzed using specificantibodies for the expression of CD80 
(FIG. 19A) and CD86 (FIG. 19B). Cells left unstimulated 
(thin solid lines) or stimulated with CSA protein (solid his 
tograms) served as controls. Data are shown for 200 ng pro 
tein per 10° cells stimulated for 48 hours. 

FIG. 20 shows the secretion of cytokines by human mono 
cytes stimulated with CSA-CD40L, where primary elutriated 
human monocytes were stimulated with 1 Lug/ml of each 
rhsCD40L+ enhancer (FIG. 20A) and 100 ng/ml of CSA 
hCD40L (FIG. 20B) or 250 ng/ml of CSA-mCD40L (FIG. 
20C) or CSA for 18 hours, and supernatants were analyzed 
for IL-1 B and IL-6 content by ELISA. FIG. 20D shows the 
results when a murine macrophage cell line genetically modi 
fied to express human CD40 (CD40KO) was stimulated with 
CSA or CSA-hCD40L (1 lug/ml) for 3 hours and RNA was 
extracted and analyzed by RNAse protection assay using the 
RiboGuant multiprobe RNAse protection system with the 
template mck-3b. The protected probes for IL-6, L32, and 
GAPDH are shown. The histogram represents the band den 
sity of IL-6 after normalization with the housekeeping gene 
L32. 

FIG. 21 shows the stimulation of iNOS expression in mac 
rophages stimulated with CSA-hCD40L, where the murine 
CD40KO macrophage line transfected to express human 
CD40 was primed with IFN-Y for 24 hours and cells were then 
stimulated with 1 g/ml of commercial rhsCD40L with the 
enhancer or 300 ng/ml of CSA-hCD40L or CSA proteins for 
24 hours, and cell lysates were analyzed by Western blot 
using anti-iNOS antibody. The histogram represents the den 
sity of the iNOS bands. 
FIG.22 shows the strong in vivo adjuvant effect of CSA 

4-1BBL as compared to LPS at doses of 12.5 and 25ug, with 
50 ug OVA as the antigen. Results are reported in terms of in 
Vivo killing percentage. 

FIG. 23 shows the effects on existing cervical tumors of 
vaccination with (i) PBS (0, n=20); (ii) 50 ug P1+12.5 lug 
CSA (n-6) (iii) 25ug CSA-4-1BBL (A. n=10); (iv) 50 ug 
P1 +25 ug CSA-4-1BBL (A. n=13), or (v) 50 ug P1+10 ug 
CpG (D, n=7). Vaccination with the combination of P1 and 
CSA-4-1BBL resulted in significantly enhanced survival 
rates, while vaccination with either P1 or CSA-4-1BBL pro 
vided some Successful immunotherapy. 

FIG.24 shows the results of vaccination with a biotinylated 
OVA/CSA-4-1BBL conjugate in preventing tumor growth. 
Tumor-free survival of mice vaccinated with OVA (A), a 
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biotinylated OVA/CSA-4-1BBL conjugate (A) and control 
mice (O) are shown, with mice vaccinated with the biotiny 
lated OVA/CSA-4-1BBL conjugate showing 100% survival. 

FIG. 25 shows flow cytometry of CFSE stained cells, dem 
onstrating that 4-1BBL could enhance the antigen specific 
CTL response in vivo to higher levels compared to antigen 
alone, orantigen and LPS. Results are expressed on the corner 
of each panel as percentage lysis of the peptide pulsed 
CFSEhi peak as compared with the reference CFSElow peak 
normalized to naive animal. 

FIG. 26 shows flow cytometry data demonstrating that 
4-1BBL costimulation increased antigen presentation in vivo. 

FIG. 27 shows flow cytometry data demonstrating that 
4-1BBL costimulation increases antigen uptake by dendritic 
cells in vivo. 

DETAILED DESCRIPTION 

The present invention provides methods and compositions 
for generating or enhancing an immune response, including 
an immune response against an antigen, such as a TAA or 
antigen associated with an infectious agent such as human 
and avian influenza or HIV. The invention also provides 
modified immune cells that are useful for generating or 
enhancing an immune response to an antigen. The invention 
also provides immunotherapy methods, including cancer 
immunotherapy methods, such as methods of reducing tumor 
size and methods of inhibiting the growth of tumor cells, and 
methods of treating or preventing infections. 
A productive adaptive immune response requires coordi 

nated and timely interactions between naive T effector 
(“Teff) cells and APCs within the organized structures of 
secondary lymphoid organs. This interaction promotes recip 
rocal activation of Teff cells and APCs, leading to the expres 
sion of various cell Surface ligands and receptors as well as 
soluble proteins that are important for the initiation, mainte 
nance, and long-term memory of the response. As discussed 
above, at least three signals (Signal 1, 2, and 3), are involved 
in the initial activation of naive T cells. Several immune 
co-stimulatory molecules have been implicated that stimulate 
one or more of these Signals. 
The present invention relates to the use of one or more 

immune co-stimulatory polypeptides and one or more anti 
gens associated with a tumor or infectious agent in methods 
that present the antigen to immune cells such that an effective 
immune response against the tumor or infectious agent is 
induced. Alternatively, an infectious agent can be used in 
place of an antigen associated therewith. While not wanting to 
be bound by any theory, it is believed that the present inven 
tion achieves advantageous results by facilitating antigen pre 
sentation and activating the immune response. In another 
alternative embodiment, the invention provides immuno 
stimulatory moieties comprising an immune co-stimulatory 
polypeptide, that are useful for stimulating an immune 
response. 

For the purposes of the present application, the following 
terms have these definitions: 
As used herein “a” or “an' means one or more, unless 

specifically indicated to mean only one. 
Administration' as used herein encompasses all Suitable 

means of providing a substance to a patient. Common routes 
include oral, Sublingual, transmucosal, transdermal, rectal, 
vaginal, Subcutaneous, intramuscular, intravenous, intra-ar 
terial, intrathecal, via catheter, via implant etc. In some 
embodiments, a composition is administered near or directly 
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to the tumor. Such as by direct injection into the tumor or 
injection into the blood such as when the tumor is a tumor of 
the blood. 

Antigen' is used herein without limitation. Antigens 
include proteins, lipids, Sugars, nucleic acids, chemical moi 
eties, and other moieties that induce an immune response. 
Antigens include proteins, which may or may not be modi 
fied, such as by glycosylation or methylation, that are 
cyclized or bound to lipids, for example. Antigens associated 
with an infectious agent or disease include antigens that are 
part of the infectious agent, such as envelope proteins, capsid 
proteins, Surface proteins, toxins, cell walls, antigenic lipids, 
and the like. Other antigens may be expressed only in the 
presence of the host. Other Suitable antigens may, in some 
embodiments, include antigens of the host, including those 
that are induced, modified or otherwise overexpressed as a 
marker of infection or disease. All Such antigens that are 
derived from, or associated with, an infectious agent, an 
infection, a condition or disease, are suitable for use in the 
present invention. Also Suitable for use as an “antigen' in 
accordance with the present invention are peptides compris 
ing antigenic portions of full-length proteins, such as peptides 
comprising a portion of a protein that induces an immune 
response, such as an immunogenic epitope. For example, 
Suitable antigens may include synthetic peptides that induce 
an immune response. 

“Binding pair refers to two molecules which interact with 
each other through any of a variety of molecular forces 
including, for example, ionic, covalent, hydrophobic, Vander 
Waals, and hydrogen bonding, so that the pair have the prop 
erty of binding specifically to each other. Specific binding 
means that the binding pair members exhibit binding to each 
other under conditions where they do not bind to another 
molecule. Examples of binding pairs are biotin-avidin, hor 
mone-receptor, receptor-ligand, enzyme-Substrate, IgG-pro 
tein A, antigen-antibody, and the like. 
“Immune co-stimulatory polypeptide' means a polypep 

tide that increases an individual’s immune response against a 
pathogen (including an infectious agent) or tumor. 
“Immune cell as used herein includes any cell that is 

involved in the generation, regulation or effect of the acquired 
or innate immune system. Immune cells include T cells Such 
as CD4+ cells, CD8+ cells and various other T cell subsets, B 
cells, natural killer cells, macrophages, monocytes and den 
dritic cells, and neutrophils. 

“Patient’ as used herein includes any vertebrate animal, 
including equine, Ovine, caprine, bovine, porcine, avian, 
canine, feline and primate species. In one embodiment, the 
patient is human. A person of ordinary skill in the art will 
recognize that particular immune co-stimulatory molecules, 
signaling molecules, cell markers, cell types, infectious 
agents etc., discussed with reference to one species, may have 
corresponding analogues in different species, and that Such 
analogues, and their use in corresponding and related species, 
are encompassed by the present invention. 
"Tumor as used herein includes solid and non solid 

tumors (such as leukemia); and different stages of tumor 
development from pre-cancerous lesions and benign tumors, 
to cancerous, malignant and metastatic tumors. 

In general terms, the invention provides methods whereby 
an immune response against a first antigen is generated or 
enhanced using (a) a first conjugate comprising (i) a conju 
gate member comprising a first immune co-stimulatory 
polypeptide and (ii) a conjugate member comprising a first 
member of a binding pair, and (b) a second conjugate com 
prising (i) a conjugate member comprising the first antigen 
and (ii) a conjugate member comprising a second member of 
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the binding pair. The antigen may be a TAA or an antigen 
associated with an infectious agent, or the infectious agent 
itself. The conjugates may be administered directly to a 
patient comprising the antigen or infectious agent, or may be 
used to treat immune cells which then are administered to the 
patient. The invention also provides compositions comprising 
the conjugates, immune cells treated with the conjugates, and 
methods of making treated immune cells. 
The invention also provides immunostimulatory moieties 

comprising an immune co-stimulatory polypeptide, such as a 
conjugate or fusion protein comprising an immune co-stimu 
latory polypeptide and avidin or streptavidin. The invention 
also provides a method of inducing an immunostimulatory 
response in an animal comprising administering an immuno 
stimulatory moiety to the animal. In some embodiments, an 
antigen also is administered to the animal. Compositions 
comprising the moiety also are provided. 

In accordance with one aspect of the invention, the antigen 
or infectious agent is presented to immune cells as part of a 
conjugate comprising an immune co-stimulatory polypeptide 
that selectively targets one or more types of immune cells, 
Such as any of the immune co-stimulatory polypeptides 
described below. Thus, in accordance with one embodiment, 
the invention provides a conjugate comprising an immune 
co-stimulatory polypeptide and an antigen associated with a 
tumor or infectious agent or the infectious agent. The antigen 
or infectious agent can be conjugated to the immune co 
stimulatory polypeptide by any means, including by covalent 
bonding, directly or through a linker, or through binding pair 
members. 

In one embodiment, the antigen or infectious agent is con 
jugated to the immune co-stimulatory polypeptide through 
the binding interactions of a binding pair. In accordance with 
this embodiment, each of the antigen (or infectious agent) and 
the immune co-stimulatory polypeptide is conjugated to a 
member of a binding pair, and the binding interactions of the 
binding pair members link the antigen (or infectious agent) 
and immune co-stimulatory polypeptide together in a conju 
gate. Such as an immune co-stimulatory polypeptide-first 
binding pair member: second binding pair member-antigen 
(or infectious agent) conjugate. 

In accordance with this embodiment, the invention pro 
vides a combination comprising (a) a first conjugate compris 
ing (i) a conjugate member comprising a first immune co 
stimulatory polypeptide and (ii) a conjugate member 
comprising a first member of a binding pair, and (b) a second 
conjugate comprising (i) a conjugate member comprising a 
first antigen associated with a tumor or infectious agent (or 
the infectious agent itself) and (ii) a conjugate member com 
prising a second member of the binding pair. 

In another embodiment, the combination comprises a third 
conjugate comprising (i) a conjugate member comprising a 
second immune co-stimulatory polypeptide and (ii) a conju 
gate member comprising a second antigen associated with the 
tumor or infectious agent (or the infectious agent itself), 
wherein the immune co-stimulatory polypeptide of the third 
conjugate is the same as or different from the immune co 
stimulatory polypeptide of the first conjugate and the second 
antigen is the same as or different from the first antigen. In a 
specific aspect of this embodiment, the immune co-stimula 
tory polypeptide and second antigen of the third conjugate are 
bound together via binding between binding pair members 
associated with each of the immune co-stimulatory polypep 
tide and second antigen. In accordance with this embodiment, 
the binding pair members of the third conjugate may be the 
same as or different from the first and second biding pair 
members of the first and second conjugates. 
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The first, second and optional third conjugates may be 
provided in separate compositions. Alternatively, the first and 
second conjugates may be provided in a single composition, 
and the third conjugate may be provided in a separate com 
position. In yet another alternative, the first, second and third 
conjugates are provided in a single composition. In another 
alternative, the first conjugate is provided in one composition 
and the second and third conjugates are provided in another 
composition 

Each composition optionally may comprise a pharmaceu 
tically acceptable carrier. A pharmaceutically acceptable car 
rier is a material that can be used as a vehicle for the compo 
sition because the material is inert or otherwise medically 
acceptable, as well as compatible with the active agent(s), in 
the context of administration. A pharmaceutically acceptable 
carrier can contain conventional pharmaceutical additives as 
are well known in the art. 
Immune Co-Stimulatory Polypeptides 
Immune co-stimulatory molecules are involved in the natu 

ral interaction between naive T cells and antigen presenting 
cells, which results in their reciprocal activation and prompts 
the expression of various cell Surface ligands and receptors, 
and soluble proteins that contribute to the initiation, mainte 
nance, and long-term memory of the immune response. As 
discussed above, at least three signals are required for the 
initial activation of naive T cells. Signal 1 is generated by 
interactions between a T cell receptor (TCR) and a nominal 
peptide presented by major histocompatibility complex 
(MHC) molecules on the surface of professional APC, such as 
dendritic cells (DC). Signal 2 can be mediated by several 
different molecules and is important to a sustained immune 
response. Signal 3 is transduced via cytokines elaborated by 
activated T cells and APC and is important to the maintenance 
of effector immune responses. 
A number of immune co-stimulatory molecules have been 

identified. Exemplary immune co-stimulatory molecules 
(polypeptides) useful in accordance with the invention 
include, without limitation, LIGHT, CD80 (B7-1), CD86 
(B7-2), ICOS, ICOSL (including B7h, B7-H2, B7RP-1, 
GL-50 and LICOS), CD94 (KP43), CD40L (CD154), 
ICAM-1 (CD54), ICAM-2, ICAM-3, SLAM (CD150), HAS 
(CD24), 4-1BB (CDw137), 4-1BBL (CDw137L), OX40L, 
CD28, CD40 (BP50), CD25 (IL-2RC), Lymphotoxin (LTC. or 
LTB), TNF, Fas-L. GITR (activation-inducible TNRF), GITR 
Ligand, CD11a (C. integrin), CD11b (C. integrin), L-selec 
tin (CD62L), CD69 (very early activation antigen), CD70 
(CD27L), PD-L1, PD-L2, B7-H3, B7-H4, OX40L, 4-1BBL, 
CD27L, CD30L, LIGHT, BAFF, and APRIL. See, e.g., 
Watts & DeBenedette, 1999, Curr. Opin. Immunol., 11:286 
93. 

Unless specified hereinas “full-length,” reference hereinto 
an immune co-stimulatory polypeptide encompasses the full 
length polypeptide as well as fragments or portions thereof 
that exhibit immune co-stimulatory function, including, but 
not limited to those fragments and portions specifically iden 
tified below. Thus, for example, reference to a 4-1BBL 
polypeptide connotes a polypeptide comprising a fragment or 
portion of full-length 4-1BBL that exhibits immune 
co-stimulatory function, Such as the extracellular domain of 
4-1BBL or the full-length 4-1BBL protein. In one embodi 
ment, the immune co-stimulatory polypeptide does not com 
prise the transmembrane domain of an immune co-stimula 
tory molecule. In one embodiment, the immune 
co-stimulatory polypeptide comprises the extracellular 
domain of an immune co-stimulatory molecule, or a receptor 
binding fragment thereof. 
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Examples of representative nucleic acid sequences and the 

encoded immune co-stimulatory polypeptides include those 
shown in GenBank Accession Nos. AB029155 (murine 
LIGHT); NM 172014 (human TNFSF14 mRNA transcript 
variant2); NM 003807 (human TNFSF14 mRNA transcript 
variant 1); NM 005191 (human CD80 mRNA): 
NM 009855 (mouse CD80 mRNA); NM 214087 Sus 
scrofa CD80 mRNA); NM 009404 (murine Tnfsf) mRNA): 
NM 003811 (human TNFSF9 mRNA); NM 181384 (Rat 
tus norvegicus Tnfsf) mRNA); BAA88559 (murine LIGHT 
protein); Q9QYH9 (murine TNFSF14 membrane bound pro 
tein and soluble protein); AAH18058 (human TNFSF14 pro 
tein); NP 005182 (human CD80 protein); NP 033985 (mu 
rine CD80 protein); NP 037058 (Rattus norvegicus CD80 
protein); NP 003.802 (human TNFSF9 protein): 
NP 033430 (mouse TNFSF9 protein); NP 852049 (Rattus 
norvegicus TNFSF9 protein); NM 012967 (Rattus norvegi 
cus ICAM-1 mRNA); X69711 (human ICAM-1 mRNA): 
X52264 (murine ICAM-1 mRNA):X69819 (human ICAM-3 
mRNA); AF296283 (murine ICAM-4 mRNA); NM 021181 
(human SLAMF7 mRNA); NM 033438 (human SLAMF9 
mRNA); NM 029612 (murine SLAMF9 mRNA): 
NM 144539 (murine SLAMF7 mRNA); L13944 (murine 
CD18 gene): X53586 (human integrin C.6 mRNA); X68742 
(human integrin C. mRNA); J04145 (Human neutrophil 
adherence receptor alpha-M subunit mRNA); AJ246000 (hu 
man leucocyte adhesion receptor, L-selectin mRNA); 
AY367061 (human L-selectin mRNA, partial cds); Y13636 
(murine CD70 mRNA); NM 001252 (human TNFSF7 
mRNA); BC000725 (human TNFSF7 mRNA (cDNA clone 
MGC:1597 IMAGE:3506629), complete cds); X69397 (hu 
man CD24 gene and complete CDS); NM 013230 (human 
CD24 mRNA); NM 012752 (Rattus norvegicus CD24 
mRNA); Y00137 (murine tumor necrosis factor-beta (lym 
photoxin) gene); X02911 (human tumor necrosis factor-beta 
(lymphotoxin) gene): D00102 (human lymphotoxin mRNA, 
complete CDS); XO1393 (human lymphotoxin mRNA); and 
A06316 ((human lymphotoxin mRNA). Other nucleic acid 
sequences encoding the same or other immune co-stimula 
tory polypeptides and/or amino acid sequences of co-stimu 
latory polypeptides can be found, for example, by searching 
the publicly available GenBank database (available, for 
example, at ncbi.nlm.nih.gov on the World Wide Web). 

Interactions between CD28 and CD80/CD86 appear to 
play a significant role in the transduction of Signal 2. See, 
e.g., Harding & Allison, J. Exp. Med. 1993, 177: 1791-96: 
Ramarathinam et al., J. Exp. Med. 1994, 179: 1205-14: 
Townsend & Allison, Science 1993, 259: 368-70; Gause et 
al., J. Immunol. 1997, 159: 1055-58. CD80 is usually not 
expressed on resting B cells and is expressed at low levels on 
peripheral blood monocytes and DC; however, both of these 
cells as well as macrophages and other APCs upregulate their 
expression of CD80 following activation. See, e.g., Len 
schow et al., Ann. Rev. Immunol. 1996, 14: 233-58; Freeman 
et al., J. Immunol 1989, 143:2714-22. In contrast, CD86 is 
constitutively expressed on peripheral blood monocytes and 
DC and more rapidly upregulated on B cells. See, e.g., Len 
schow et al., Supra, Inaba et al., J. Exp. Med. 1994, 180: 
1849-60. TCR interaction with MHC/peptide complex on 
APCs allows for simultaneous engagement of CD80/86 mol 
ecules with CD28 and leads to the tyrosine phosphorylation 
of the lipid kinase phosphatidylinositol 3-kinase, which in 
turn initiates a series of complex intracellular events that 
result in the induction of IL-2 gene expression, cell prolifera 
tion, and differentiation into effector function. See, e.g., Sla 
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vik et al., Immunol. Res. 1999, 19: 1-24: Azuma et al., Nature 
1993, 366: 76–79; Allison & Krummel, Science 1995, 270: 
932-33. 

Signal 2 may further augment a productive immune 
response by preventing cell death through the regulation of 
anti-apoptotic genes, such as Bcl-XL. See, e.g., Radvanyi et 
al., J. Immunol. 1996, 156: 1788-98: Boise et al., Immunity 
1995, 3: 87-98: Boise & Thompson, Science 1996, 274: 
67-68. Following the initial stages of immune activation, a 
number of additional receptor-ligand pairs are upregulated on 
the surface of T cells and APCs. These “secondary” receptor/ 
ligand pairs, such as 4-1BBL/4-1BB, play important roles in 
the maintenance of post initial activation events, immune 
homeostasis, and generation of immunological memory. See, 
e.g., Yu et al., Nat. Immunol. 2004, 5: 141-49; Armitage et al., 
Nature 1992, 357: 80-82; Zhai et al., J. Clin. Invest. 1998, 
102: 1142-51; Bourgeois et al. Science 2002, 297: 2060-63; 
Kikuchi et al., Nat. Med. 2000, 6: 1154-59. 
1. 4-1BBL 

In one particular embodiment of the invention, the immune 
co-stimulatory polypeptide is a 4-1BBL polypeptide. 
4-1BBL (also known as 4-BB-L,4-BB ligand, TNFSF9, ILA 
ligand) is a type II protein expressed on activated B cells, 
macrophages, and DC two to three days following activation. 
See, e.g., Alderson et al. Eur. J. Immunol. 1994, 24: 2219-27; 
Goodwin et al., Eur. J. Immunol. 1993, 23:2631-41; Polloket 
al., Eur. J. Immunol. 1994, 24: 367-74; DeBenedette et al., J. 
Immunol. 1997, 158:551-59. Its receptor, 4-1BB (CD137), is 
expressed on the surface of activated CD4 and CD8" T cells, 
on natural killer cells, monocytes, and resting DC. See, e.g., 
Pollock, supra; Wilcox et al., J. Immunol. 2002, 169: 4230 
36: Futagawa et al., Int. Immunol. 2002, 14:275-86; Polloket 
al., J. Immunol. 1993, 150: 771-81. 
4-1BB/4-1BBL interactions also transduce Signal 2 to 

CD8" T cells in a CD28-independent manner and stimulate 
them to produce cytokines, expand, and acquire effector func 
tions. See, e.g., Cannons et al., J. Immunol. 2001, 167: 1313 
24; Hurtado et al., J. Immunol. 1995, 155: 3360-67. Kim & 
Broxmeyer, J. Hematother. StemCell Res. 2001, 10: 441-49; 
Saoulliet al., J. Exp. Med. 1998, 187: 1849-62; Shufordet al., 
J. Exp. Med. 1997, 186:47-55; Tan et al., J. Immunol. 1999, 
163: 4859-68; Vinay & Kwon, Semin. Immunol. 1998, 10: 
481-89. 4-1BB/4-1BBL interaction is also important for the 
activation of monocytes and DC, their synthesis of cytokines, 
and communication with NK cells. See, e.g., Futagawa et al., 
supra; Wilcox et al., J. Clin. Invest 2002, 109: 651-9. Simi 
larly, in addition to its role in promoting the expansion of 
antigen-specific T cells through the upregulation of cyclins 
D2 and E, and downregulation of cyclin-dependent kinase 
inhibitor p27kip 1, 4-1BB signaling plays a role in T cell 
survival, as it prevents activation-induced cell death via the 
upregulation of the anti-apoptotic Bcl-XL and Bcl-2 and the 
establishment of long-term immunological memory. See, 
e.g., Takahashi et al., J. Immunol. 1999, 162: 5037-40; Hur 
tado et al., J. Immunol. 1997, 158: 2600-09: Kim et al., Eur. J. 
Immunol. 1998, 28:881-90. 4-1BB/4-1BBL interaction has 
also been shown to selectively promote type 1 cytokines, such 
as IL-2, IFN-Y, and TNF-C., suggesting that 4-1BB may be a 
costimulatory molecule specific for type 1 effector T cells, 
which play a role in tumor eradication. 

It has recently been shown that T cells constitutively 
express 4-1 BB receptor and that signal transduction through 
4-1BB receptor inhibits the suppressive function of these 
cells. See, e.g., Choi et al., Supra; Morris et al., Supra, and the 
Examples below. This is important because T cells play a 
significant role in tumor evasion of the immune system. Sev 
eral clinical studies demonstrated that a direct correlation 
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exists between the number of T cells and tumor progres 
sion. Curiel et al., Nat. Med. 2004, 10: 942-49. Indeed, the 
eradication of T cells in animal models has resulted in the 
eradication of large tumors, providing direct evidence for 
their dominant role in tumor progression. Yu et al., J. Exp. 
Med. 2005, 201: 779-91. Similarly, infectious agents, such as 
HIV, may use T cells for immue evasion. 

Although not wishing to be bound by theory, it is believed 
that the use of 4-1BBL as an immune co-stimulatory polypep 
tide in accordance with the invention may activate the 4-1BB 
cognate receptor on T cells, resulting in several important 
immune-stimulatory effects. One effect may be the transduc 
tion of Signal 2 to CD8" T cells in a CD28-independent 
manner, which stimulates the T cells to produce cytokines, to 
expand, and acquire effector functions. Another effect of 
4-1BB/4-1BBL interaction may be activation of monocytes 
and DC which results in the synthesis and release of cytok 
ines. Yet another effect of 4-1BB signaling may be the pro 
motion of T cell survival and establishment of long-term 
immunological memory by preventing activation-induced 
cell death (AICD). Still another effect of 4-1BB/4-1BBL 
interaction may be the selective production of type 1 cytok 
ines, such as IL-2, IL-12, IFN-y, and TNF-C. from T cells, DC 
and macrophages, which act upon type 1 effector T cells 
important to tumor eradication. Also, as explained above, 
4-1BB/4-1BBL interaction may inhibit the suppressor func 
tion of T cells. Thus, for example, a 4-1BBL-antigen con 
jugate may specifically bind to DC expressing the 4-1BB 
receptor, facilitate antigen presentation, activate DC for the 
generation of a primary T cell response, directly act on acti 
vated T cells (including T cells) and NK cells to boost their 
response against the antigen, and inhibit the suppressivefunc 
tion of T cells. 
4-1BBL contains 254 amino acids (26624 Da). See Alder 

son et al. Eur J. Immunol. 1994 September; 24(9):2219-27. 
The full amino acid sequence of human 4-1BBL can be found 
under accession no. P41273 in the Swiss-Prot database. 
4-1BBL is a type II glycoprotein with residues 1-28 forming 
a potential cytoplasmic domain, residues 29-49 forming a 
single predicted transmembrane domain, residues 50-254 
forming a potential extraceuluar domain, and residues 35-41 
representing a poly-Leu stretch. The nucleotide sequence in 
humans encoding the 4-1BBL can be found in GenBank 
accession no. NM 003811. 
As discussed above, 4-1BBL is expressed by activated 

antigen presenting cells including activated B cells, macroph 
ages, and DC. 2-3 days following activation. 4-1 BB, which is 
the receptor for 4-1BBL, is expressed on the surface of acti 
vated CD4" and CD8" T cells, on natural killer cells, mono 
cytes, and resting DC. Residues 50-254 of 4-1BBL or frag 
ments thereofthat can bind to its cognate receptor 4-1 BB, can 
be linked or expressed as a fusion with a binding pair member 
for use in accordance with the present invention. For example, 
FIGS. 3A and B show the nucleotide and amino acid 
sequences of a CSA-murine 4-1BBL fusion protein (SEQID 
NOs 5 and 6). FIGS. 4A and B show the nucleotide and amino 
acid sequences of a fusion protein comprising the extracellu 
lar domain of human 4-1BBL and core strepavidin (SEQ ID 
NOs 7 and 8). 
2. CD8O & CD86 
CD80 (also known as B7.1, CD28LG, LAB7) and CD86 

(also known as B7.2. CD28LG2. LAB72) are exemplary 
co-stimulatory polypeptides, both of which bind to the CD28/ 
CTLA4 co-receptor expressed by T cells. CD80 contains 288 
amino acids (33048 Da). See Freeman et al. J. Immunol. 143 
(8), 2714-2722 (1989). The full amino acid sequence of 
human CD80 can be found under accession no. P33681 in the 
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Swiss-Prot database. CD80 is a type I glycoprotein with 
residues 1-34 forming a secretion signal, residues 35-242 
forming a potential extraceuluar domain, residues 243-263 
forming a potential transmembrane domain, and residues 
264-288 forming a potential cytoplasmic domain. Thus the 
mature CD80 molecule without its secretion signal sequence 
represents amino acids 35-288. The nucleotide sequence in 
humans encoding CD80 can be found in GenBank accession 
no. NM 005191. 

Residues 35-242 of CD80 or fragments thereof that can 
bind to its cognate receptor CD28 can be linked or expressed 
as a fusion protein with a binding pair member for use in 
accordance with the present invention. For example, FIGS. 
2A and 2B set forth the nucleotides (SEQ ID NO:3) and 
amino acid sequence (SEQ ID NO:4) of a fusion protein 
comprising the extracellular domain of human CD80 (B7.1) 
and core streptavidin. 
CD86 (B7.2) contains 329 amino acids (37696 Da). See 

Freeman et al. Science 262 (5.135), 909-911 (1993). The full 
amino acid sequence of human CD86 can be found under 
accession no. P42081 in the Swiss-Prot database. CD86 is a 
type I glycoprotein with residues 1-23 forming a secretion 
signal, residues 24-247 forming a potential extraceuluar 
domain, residues 248-268 forming a potential transmem 
brane domain, and residues 269-329 forming a potential cyto 
plasmic domain. Thus, the mature CD86 molecule without its 
secretion signal sequence represents amino acids 24-329. The 
nucleotide sequence in humans encoding CD86 can be found 
in GenBank accession no. NM 175862. 

Residues 24-247 of CD86 or fragments thereof that can 
bind to its cognate receptor CD28, can be linked or expressed 
as a fusion with a binding pair member for use in accordance 
with the present invention. For example, FIGS.5A and 5B set 
forth the nucleotide (SEQID NO:9) and amino acid (SEQID 
NO: 10) sequences of a fusion protein comprising the extra 
cellular domain of human CD86 (B7.2) and core streptavidin. 
CD86 is usually not expressed on resting B cells and is 

expressed at low levels on peripheral blood monocytes (PBC) 
and DC. Its expression, however, is upregulated on B cells and 
other APC Such as macrophages and DC following activation. 
In contrast, CD86 is constitutively expressed on PBC and DC 
and more rapidly upregulated on B cells. T cell receptor 
(TCR) interaction with the MHC/peptide complex on APC 
allows for simultaneous engagement of CD80/86 with CD28 
on the T cell, which leads to tyrosine phosphorylation of the 
lipid kinase phosphotidylinositol 3-kinase, which in turn ini 
tiates a series of intracellular events that result in the induc 
tion of IL-2 gene expression, cell proliferation, and differen 
tiation into effector function. Signal 2 may further augment a 
productive immune response by preventing cell death 
through the regulation of antiapoptotic genes, such as Bcl-XL. 
3. Light 

Following the initial stages of immune activation, 'second 
ary” receptor/ligand pairs such as 4-1BBL/4-1BB (discussed 
above) and LIGHT/HVEM become upregulated on the sur 
face of T cells and APC. These receptor/ligand pairs are 
involved in the maintenance of post initial activation events, 
immune homeostasis, and generation of immunological 
memory. 
The LIGHT polypeptide (also known as TNFS14, HVEM 

L., LTg. TR2) is a TNF superfamily member which is homolo 
gous to lymphotoxin. See Mauri et al. Immunity 8 (1), 21-30 
(1998). The full amino acid sequence of human LIGHT can 
be found under accession no. 043557 in the Swiss-Prot data 
base. LIGHT contains 240 amino acids (26351 Da) and is a 
type II glycoprotein with residues 1-37 forming a potential 
cytoplasmic domain, residues 38-58 forming a single pre 
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dicted transmembrane domain, and residues 59-240 forming 
a potential extraceuluar domain. A cleavage site involves 
residues 82-83. The nucleotide sequence in humans encoding 
LIGHT can be found in GenBank accession no. 
NM 172014. 

Residues 59-240 of LIGHT or fragments thereof that can 
bind to its cognate receptor HVEM, LTBR or TR6, can be 
linked or expressed as a fusion with a binding pair member for 
use in accordance with the present invention. For example, 
FIGS. 1A and 1B set forth the nucleotide (SEQID NO:1) and 
amino acid sequences (SEQID NO:2) of a fusion comprising 
core streptavidin and the extracellular domain of murine 
LIGHT. 
LIGHT is primarily expressed on activated T cells, NK 

cells, and immature dendritic cells, and serves to regulate 
various aspects of immune responses. LIGHT is synthesized 
as a membrane-bound protein, but its cell-surface expression 
is regulated by several posttranslational mechanisms. LIGHT 
is cleaved from the cell surface by matrix metalloproteinases 
within minutes of its expression and accumulates as a soluble 
molecule (isoform 1; represents approximately residues 
83-240; Swiss-Prot O43557-1). The cell surface cytoplasmic 
segment represents isoform 2 (Swiss-Prot O43557-2). Addi 
tionally, various cell types store LIGHT in vesicles and 
excrete them upon activation by various physiological 
stimuli. Although the role of the soluble form of LIGHT is not 
well characterized, it may serve as a negative feedback loop to 
inhibit the function of the membrane-bound form by compet 
ing for HVEM and LTBR. 
LIGHT interacts with three different receptors: (1) herpes 

virus entry mediator (HVEM) on T cells, (2) LTBR which is 
expressed primarily on epithelial and stromal cells, and (3) 
the soluble decoy receptor 3 on various cells. These interac 
tions endow LIGHT with different functions. Interaction with 
LTBR on stromal cells is associated with the production of 
various cytokines/chemokines, lymph node (LN) organogen 
esis, and restoration of secondary lymphoid structures. On the 
other hand, interaction of LIGHT with HVEM receptor on 
lymphocytes results in activation and production of cytok 
ines, dominated by IFN-Y and GM-CSF. In this context, the 
LIGHT/HVEM axis appears to deliver costimulatory signals 
associated with the activation of Th1 type responses which 
play critical roles in tumor eradication. 
LIGHT plays a role in lymphoid organogenesis and in the 

generation of Th1 type responses. See, e.g., Yang et al., 2002, 
J. Biol. Regul. Homeost. Agents, 16:206-10; Schneider et al., 
2004, Immunol. Rev., 202:49-66. 
The effect of LIGHT has been shown in different tumor 

models both in vitro and in vivo. Chronic lymphocytic leu 
kemic cells transduced by herpes simplex virus amplicon 
expressing LIGHT have been reported to enhance T cell 
proliferation in mixed lymphocyte reactions. Over-expres 
sion of LIGHT on MDA-MB-231 human breast cancer cells 
has been shown to Suppress tumor growth. Transfection of 
LIGHT into different cancer cell lines stimulate ICAM-1 
expression in these cells. The presence of ICAM-1 is believed 
to be beneficial as it enables effective signaling to produce 
antitumor activity in tumor cells. Another important function 
of LIGHT, besides T cell activation, is its ability to transduce 
signals through LTBR, which plays an important role in the 
development of secondary lymphoid structures mediated 
through the induction of chemokine expression as well as 
adhesion molecules in stromal cells. The interaction of 
LIGHT with LTBR on stromal cells regulates the expression 
of CCL21, which control the homing of naive T cells to 
lymphoid tissues. 
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One advantage of embodiments of the invention where the 
immune co-stimulatory polypeptide is LIGHT is the ability of 
LIGHT to stimulate lymphoid organogenesis and Support the 
generation of Th1 type responses. Another advantage is the 
ability of LIGHT to stimulate immune responses against 
tumors and activate the tumor stromato further augment these 
responses. 
The stroma serves as a physical barrier to prevent lympho 

cyte infiltration into the tumor site. The stroma also inhibits 
lymphocyte activation within the tumor microenvironment. 
This may be due to the lack of costimulatory signals needed 
for T cell activation and/or the presence of various immunoin 
hibitory soluble mediators, such as TGF-B and IL-10, that are 
synthesized and secreted by both stromal fibroblasts and 
tumor cells. The stroma promotes immunological ignorance 
by confining tumor cells to the tumor site, thereby preventing 
them from trafficking to the regional lymph nodes. 
Tumor stromal cells also express various immunological 

receptors, such as LTBR, that can be exploited for the 
enhancement of anti-tumor immunity in accordance with the 
present invention. 
4. OX4OL 
OX40L is expressed by dendritic cells and other APC and 

binds to OX40 which is present on activated T cells. OX40L 
contains 183 amino acids (21950 Da). See Miura et al. Mol. 
Cell. Biol. 11:1313-1325 (1991). The full amino acid 
sequence of OX40L can be found under accession no. P23510 
in the Swiss-Protdatabase (SEQID NO:24). OX40L is a type 
II glycoprotein with a cytoplasmic domain at residues 1-23 
(SEQID NO: 25), a transmembrane domain at residues 24-50 
(SEQ ID NO: 26) and an extracellular domain at residues 
51-183 (SEQIDNO:27). The nucleotide sequence ofOX40L 
is 3510 bp, with the coding sequence being 157-708 (see 
Genbank accession no. NM 003326.2) (SEQ ID NO: 28). 
Residues 51-183, or fragments thereof of OX40L that can 
bind to its cognate receptor OX40, can be linked or expressed 
as a C-terminal fusion to a binding pair member for use in 
accordance with the present technology. 
5. CD4OL 
CD40L is expressed by activated T cells and also exists as 

an extracellular soluble form which derives from the mem 
brane form by proteolytic processing. CD40L (a.k.a. 
TNFSF5) contains 261 amino acids (29350 Da). SeeVillinger 
et al. Immunogenetics 53:315-328 (2001). The full amino 
acid sequence of CD40L can be found under accession no. 
Q9BDN3. CD40L is a type II glycoprotein with a cytoplas 
mic domain at residues 1-22, a transmembrane domain at 
residues 23-43 and an extracellular domain at residues 
44-261. The nucleotide sequence of CD40L is 1834bp, with 
the coding sequence being 73-858 (see Genbank accession 
no. NM 000074). Residues 44-261, or fragments thereof of 
CD40L that can bind to its cognate receptor CD40, can be 
linked or expressed as an N-terminal fusion to a binding pair 
member for use in accordance with the present invention. 
6. PD-L1 
PD-L1 is expressed on activated T and B cells, dendritic 

cells, keratinocytes and monocytes. PD-L1 (a.k.a. B7-H; 
B7H1; PDL1; PDCD1L1) contains 290 amino acids (33275 
Da). See Dong et al. Nat. Med. 5: 1365-1369 (1999). The full 
amino acid sequence of PD-L1 can be found under accession 
no. Q9NZQ7 in the Swiss-Prot database. PD-L1 contains 290 
amino acids of which 18 amino acids at the N terminus 
represent the signal sequence. The extracellular domain is 
located at amino acids 19-238, a transmembrane domain is 
located at resides 239-259 and a cytoplasmic domain is 
located at residues 260-290. The nucleotide sequence of PD 
L1 (1553 bp) is available in public databases (see Genbank 
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accession no. NM 014143) (coding sequence is 53-925). 
Isoforms of PD-L1 exist by way of alternative splicing. The 
extracellular domain or fragments thereof of PD-L1 that can 
bind to its cognate receptor PDCD1, can be linked or 
expressed as an N-terminal fusion to a binding pair member 
for use in accordance with the present invention. 
7. GL50 
GL50 isoform 1 is widely expressed (brain, heart, kidney, 

liver, lung, pancreas, placenta, skeletal muscle, bone marrow, 
colon, ovary, prostate, testis, lymph nodes, leukocytes, 
spleen, thymus and tonsil): GL50 isoform 2 (Swissprot 
O75144) is expressed in lymph nodes, leukocytes and spleen 
and on activated monocytes and dendritic cells. GL50 (a.k.a. 
B7-H2: B7H2: B7RP-1; B7RPI; ICOS-L; ICOSLG: 
KIAA0653; and LICOS) contains 290 amino acids (33275 
Da). See Wang et al. Blood 96:2808-2813 (2000). The full 
amino acid sequence of GL50 can be found under accession 
no. O75144 in the Swiss-Prot database. GL50 contains 302 
amino acids of which 18 amino acids at the N terminus 
represent the signal sequence. The extracellular domain is 
located at amino acids 19-256, a transmembrane domain is 
located at resides 257-277 and a cytoplasmic domain is 
located at residues 278-302. The nucleotide sequence of 
GL50 (3239 bp) is available in public databases (see Genbank 
accession no. NM 015259) (coding region representing 
135-1043). Isoforms of GL50 exist by way of alternative 
splicing. The extracellular domain or fragments thereof of 
GL50 that can bind to its cognate receptor ICOS, can be 
linked or expressed as an N-terminal fusion to a binding pair 
member for use in accordance with the present invention. 

Table 1 Summarizes various exemplary costimulatory mol 
ecules and their receptors and includes embodiments of core 
ceptor ligand pair conjugates. 

TABLE 1 

Construct 
name and 
orientation Receptor Receptor expression 

CD80-CSA CD28 Constitutive on almost all human CD4T 
cells and approximately 50% of CD8 T cells 

GLSO-CSA ICOS Detectable on resting T cells 
Upregulated on activated CD4 T and 
CD8 T cells and NK cells 

PD-L1-CSA PD-1 Inducible on CD4 and CD8' T cells, 
B cells, and monocytes 
Low levels on NK-T cells 

CSA-CD4OL CD40 Constitutive on B cells, monocytes, DC, 
endothelial and epithelial cells 

CSA-4-1BBL CD137 Inducible on activated T cells (peak 48 h, 
decline 96 h) as well as cytokine-treated 
NK cells 
Constitutive on Subsets of DC (low), human 
monocytes, follicular DC, CD4" CD25" 
regulatory T cells. 

CSA-OX4OL OX40 Inducible on activated CD4 (preferentially) 
and CD8 (strong antigen response) T cells 
(peak 48 h, decline 96 h) 

CSA-LIGHT HVEM Constitutive on resting T cells, monocytes, 
and immature DC 
Downregulated upon T cell activation and 
DC maturation 

Other immune co-stimulatory polypeptides can be used in 
accordance with the invention. For example US 2003/ 
0219419 (the entire contents of which are incorporated herein 
by reference in their entirety) describes IL-2-CSA fusion 
proteins, and CSA-CD40L fusion proteins that are useful in 
the present invention. In Summary, exemplary immune co 
stimulatory polypeptides useful in accordance with the 
present invention include the following. 
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TABLE 2 

B7 and CD28 FAMILY MEMBERS 

LIGAND RECEPTOR 

CD80 (B7.1) CD28, CTLA-4 (CD152) 
CD86 (B7.2) CD28, CTLA-4 
ICOSL (B7h, B7-H2, B7RP-1, GL50, LICOS) ICOS (AILIM) 
PD-L1 (B7-H1) PD-1 
PD-L2 (B7-DC) PD-1 
B7-E3 Unknown 

B7-H4 (B7x; B7S1) Unknown (BTLA2) 
Unknown (HVEM*) BTLA 

it is a TNF member 

TABLE 3 

TNF FAMILYMEMBERS 

LIGAND RECEPTOR 

OX4OL OX40 (CD134) 
4-1BBL 4-1BB (CD137) 
CD4OL (CD154) CD40 
CD27L (CD70) CD27 
CD3OL CD30 
LIGHT HVEM, LTBR, DcR3 
GITRL GITR 
BAFF (BLyS)** BAFF-R, TACI, BCMA 
APRIL** TACI, BCMA 

these are B cell related 

TABLE 4A 

References for nucleotide and/or amino acid sequences of 
B7 Family Members 

LIGAND 
(Human) REFERENCE 

CD80 (B7.1) Freeman et al., J. Immunol. 143: 2714-2722(1989). 
CD86 (B7.2) Freeman et al., Science 262:909-911 (1993). 
ICOSL Wang et al., Blood 96: 2808-2813(2000). 

Yoshinaga et al., Int. Immunol. 12: 1439-1447(2000). 
PD-L1 Dong et al., Nat. Med. 5: 1365-1369(1999). 

Freeman et al., J. Exp. Med. 192: 1027-1034(2000). 
PD-L2 Tseng et al., J. Exp. Med. 193:839-846(2001). 

Latchman et al., Nat. Immunol. 2:261-268 (2001). 
B7-E3 Steinberger et al., Submitted (SEP-2003) to EMBL/ 

GenBank? DDBJ databases. 
Mingyi et al., J. Immunol 168: 6294-6297 (2002). 

B7-E4 Zang et al., Proc. Natl. Acad. Sci. U.S.A. 100: 10388 
(B7x: B7S1) 92(2003). Sica et al., Submitted (APR-2003) to EMBL/ 

GenBank? DDBJ databases. 

TABLE 4B 

References for nucleotide and/or amino acid sequences of 
TNF Family Members 

LIGAND REFERENCE 

OX4OL Baum et al., Circ. Shock 44; 30-34(1994). 
Miura et al., Mol. Cell. Biol. 11: 1313-1325 (1991). 
Godfrey et al., J. Exp. Med. 180: 757-762(1994). 

4-1BBL Alderson et al., Eur. J. Immunol. 24: 2219-2227(1994). 
CD4OL Grafet al., Eur. J. Immunol. 22:3191-3194(1992). 

Hollenbaugh et al., EMBO J. 11:4313-4321 (1992). 
CD27L Goodwin et al., Cell 73:447-456 (1993). 
(CD70) 
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TABLE 4B-continued 

References for nucleotide and/or amino acid sequences of 
TNF Family Members 

LIGAND REFERENCE 

CD3OL Smith et al., Cell 73: 1349-1360(1993). 
LIGHT Mauri et al., Immunity 8:21-30(1998). 
GITRL Gurney et al., Curr. Biol. 9:215-218(1999). 
BLyS Moore et al., Science 285:260-263(1999). 
APRIL Hahne et al., J. Exp. Med. 188: 1185-1190(1998). 

Antigens & Infectious Agents 
The methods and compositions of the invention are useful 

for generating or enhancing an immune response against any 
antigen or infectious agent, including TAAS, antigens associ 
ated with an infectious agent, and an infectious agent itself. In 
accordance with the invention, an antigen associated with the 
targeted tumor or infectious agent (or the infectious agent 
itself) is presented to immune cells, thereby generating or 
enhancing an immune response. 
1. TAAS 

In one embodiment, the antigen is a TAA, and the invention 
provides cancer immunotherapy methods effective to gener 
ate or enhance a patient's immune response against a tumor. 
In accordance with this embodiment, the invention provides 
methods of reducing tumor size and methods of inhibiting the 
growth of tumor cells. 

Representative tumor cells against which this invention is 
useful include, without limitation, carcinomas, which may be 
derived from any of various body organs including lung, liver, 
breast, bladder, stomach, colon, pancreas, skin, and the like. 
Carcinomas may include adenocarcinoma, which develop in 
an organ or gland, and squamous cell carcinoma, which origi 
nate in the squamous epithelium. Other cancers that can be 
treated include sarcomas, such as osteosarcoma or osteogenic 
sarcoma (bone), chondrosarcoma (cartilage), leiomyosar 
coma (Smooth muscle), rhabdomyosarcoma (skeletal 
muscle), mesothelial sarcoma or mesothelioma (membra 
nous lining of body cavities), fibrosarcoma (fibrous tissue), 
angiosarcoma or hemangioendothelioma (blood vessels), 
liposarcoma (adipose tissue), glioma or astrocytoma (neuro 
genic connective tissue found in the brain), myxosarcoma 
(primitive embryonic connective tissue), an esenchymous or 
mixed mesodermal tumor (mixed connective tissue types). In 
addition myelomas, leukemias, and lymphomas are also Sus 
ceptible to treatment. 
A number of TAAS associated with specific tumor types 

have been identified. These include human telomerase 
reverse transcriptase (hTERT), survivin, MAGE-1, MAGE-3, 
human chorionic gonadotropin, carcinoembryonic antigen, 
alpha fetoprotein, pancreatic oncofetal antigen, MUC-1, CA 
125, CA 15-3, CA 19-9, CA 549, CA 195, prostate-specific 
antigens; prostate-specific membrane antigen, Her2/neu, 
gp-100, mutant K-ras proteins, mutant p53, truncated epider 
mal growth factor receptor, chimeric protein 'BCR-ABL: 
E7 protein of human papilloma virus, and EBNA3 protein of 
Epstein-Barr virus. Any of these antigens, antigenic frag 
ments thereof, and mixtures of antigens and/or fragments can 
be used in accordance with the invention to generate or 
enhance apatients anti-tumor immune response. Table 5 lists 
Some exemplary TAAS and diseases associated with Such 
TAAS. 
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TABLE 5 

Antigen Diseases 

cTAGE-1 and variants 
BLA or globotriaosylceramide 
(P antigen) 
human T-cell leukemia virus-associated 
cell membrane antigens (HTLV-MA) 
Thymocyte surface antigen JL1 
Adult T cell leukemia associated, human 
retrovirus associated antigen (ATLA) 
Epstein-Barr virus (EPV) antigens 

Cutaneous T cell lymphoma 
Burkitt's lymhoma 

Adult T-cell 
eukemialymphoma (ATL) 
Majority of acute leukemias 
Adult T cell leukemia 

Burkitt's lymphoma, 
Hodgkin's disease 
CD3O+ anaplastic large 
cell lymphoma (ALCL) 
Most acute lymphoblastic 
eukemias 
Lymphoproliferative diseases 

Anaplastic lymphoma kinase (ALK), 
fusion proteins (NPMALK and variants) 
Common acute lymphoblastic leukemia 
antigen (CALLA) 
Immunoglobulin Id; Type II 
glycoproteins (e.g., HM1.24; KW-2, 
KW-4, KW-5, KW-12): Oncofetal 
antigen immature laminin receptor 
protein (OFA-iLRP); EBV proteins (e.g., 
LMP2A) 

Additional human TAAS recognized by T-cells may be 
found in, for example, Novellino et al. A listing of human 
tumor antigens recognized by T cells: March 2004 update' 
Cancer Immunology and Immunotherapy, 54: 187-207 
(2005) which is incorporated by reference herein. Many ani 
mal TAAS corresponding to animal correllaries of these dis 
eases, and to other animal diseases, are known in the art and 
also included within the scope of the invention. 

In one embodiment of the invention, the TAA is selected 
from the group consisting of human telomerase reverse tran 
scriptase (hTERT) and survivinas TAAS. hTERT is expressed 
in >85% of human cancers, while its expression is restricted 
in normal tissues. See, e.g., Vonderheide et al., Immunity 
1999, 10: 673-79. Similarly, survivin, which has been iden 
tified as an inhibitor of apoptosis, is absent from normal 
tissues but expressed in most tumor types including lung, 
colon, pancreas, prostate and breast cancer. See, e.g., 
Ambrosini et al., Nat. Med. 1997, 3: 917-21. Because these 
TAAS are expressed in the majority of cancer types and are 
rare or absent from normal tissues, they are attractive antigens 
for use in cancer immunotherapy methods according to the 
present invention. 

In another embodiment of the invention, the TAA is asso 
ciated with cervical cancer. Approximately 500,000 women 
worldwide develop cervical cancer yearly and it is the second 
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leading cause of death from cancer in women. Cervical can 
cer has been directly linked to genital viral infection by 
human papillomavirus (HPV) and is a worldwide health prob 
lem. HPV type 16 in particular is found in roughly half of 
cervical cancers. Genital HPV types 16 and 18, and less 
frequently, types 31, 33, 35, 45, 51 and 56, also have been 
implicated in the etiology of cervical and other anogenital 
cancers. The HPV types found in cancer cells have transform 
ing activity in in vitro studies and the viral transforming 
proteins, E6 and E7 (also known as “early” proteins), are 
consistently expressed in cervical cancer cell lines and in 
HPV-associated cancers. E6 and E7 are known to bind the 
tumor Suppressors, p53 and retinoblastoma (Rb), respec 
tively. In HPV-associated malignant transformation, late 
genes (L1 and L2) and some early genes (E1 and E2) are 
usually lost, leaving E6 and E7 as the only open reading 
frames frequently found in carcinomas. Expression of E6 and 
E7 is likely to overcome the regulation of cell proliferation 
normally mediated by proteins like p53 and Rb, allowing 
uncontrolled growth and providing the potential for malig 
nant transformation. 

Thus, in accordance with one specific embodiment of the 
invention, the TAA is one or more of E6 and E7. The use of E6 
and E7 in accordance with the invention may offer several 
advantages. First, E6 and E7 are consistently expressed in 
most cervical cancers. Second, while most tumorantigens are 
derived from normal proteins or mutated self-protein, E6 and 
E7 are completely foreign viral proteins, and may harbor 
more antigenic peptides or epitopes than a mutant protein. 
Third, E6 and E7 play an important role in the induction and 
maintenance of the malignant phenotype, and without func 
tional E6 and E7, these cells would cease to be tumorigenic. 
The nucleotide and amino acid sequences of the E6 and E7 

proteins from different species (e.g., human, bovine) and for 
different papillomavirus types (e.g., HPV 16 and 18) are 
known in the art. See, e.g., the HPV sequence database at 
http://www.stdgen.1anl.gov/stdgen?virus/hpV/index.html. 
The amino acid sequences of HPV 16 E6, an HPV 16 E6 
variant, and E7 are set forth in FIGS. 6A (SEQID NO:11), 6B 
(SEQ ID NO:12) and 6C (SEQ ID NO:13), respectively. 
2. Infectious Agents 

Representative infectious agents against which this inven 
tion is useful include, without limitation, any virus, bacteria, 
fungi or protozoan. Table 6 lists examples of infectious 
agents. 

TABLE 6 

ETIOLOGICAL ASSOCIATED 
AGENT GENUS DISEASE 

Mycobacterium Tuberculosis 
tuberculosis 
Bacilius anthracis Anthrax 
Staphylococcits Sepsis 
(iiietiS 

Adenoviridae Mastadenovirus I fectious canine 
hepatitis 

Arenaviridae Arena virus Lymphocytic 
choriomeningitis 

Caliciviridae Norovirus Norwalk virus infection 
Coronaviridae Coronavirus Severe Acute 

Respiratory Syndrome 
Torovirus 

Filoviridae Marburgvirus Viral hemorrhagic fevers 
Eboiavirus Viral hemorrhagic fevers 

Flaviviridae Flavivirus West Nile Encephalitis 
Hepacivirus Hepatitis C virus infection 
Pestivirus Bovine Virus Diarrhea, 

Classical Swine fever 
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TABLE 6-continued 

24 

ETIOLOGICAL 
AGENT 

Hepadnaviridae 
Herpesviridae 

Orthomyxoviridae 

Papillomaviridae 

Picornaviridae 

Poxviridae 
Reoviridae 

Retroviridae 

Rhabdoviridae 

Togaviridae 

GENUS 

Orthohepadnavirus 
Simplexivirus 

Variceiovirus 

Cytomegalovirus 
Mardivirus 
Influenzavirus A 
Influenzavirus B 
Papillomavirus 

Enterovirus 
Rhinovirus 
Aphthovirus 
Hepatovirus 
Orthopoxvirus 
Rotaviruses 
Orbivirus 
Gamma retrovirus 
Deitaretrovirus 
Lentivirus 

Lyssavirus 
Ephemerovirus 
Alphavirus 

ASSOCIATED 
DISEASE 

Hepatitis 
cold Sores, genital 
herpes, bovine mammillitis 
chickenpox, shingles, 
abortion in horses, 
encephalitis in cattle 
infectious mononucleosis 
Marek's disease 

(28 

(28 

Skin warts, skin cancer, 
cervical cancer 
Polio 
Common cold 
Foot-and-mouth disease 
Hepatitis 
Cowpox, vaccinia, Smallpox 
Diarrhea 
Blue tongue disease 
Feline leukemia 
Bovine leukemia 
Human immunodeficiency, 
FIV, and SIV 
Rabies 
Bovine ephemeral fever 
Eastern and Western 
equine encephalitis 

PARASITIC Malaria 
Leishmaniasis 

Plasmodium 
Leishmania 
Aspergillis 
Candida 
Coccidia 
Cryptococci 
Geotricha 
Histoplasma 
Microsporidia 
Pneumocystis 

FUNGAL 

Human and avian influenza, HIV, hepatitis C, tuberculosis, 
west nile virus, cryptococosis (meningitis) herpes, chlamy 
dia, and anthrax are representative of infectious agents. Any 
antigen associated with the infectious agent can be used in 
accordance with the invention. 

In accordance with one embodiment, the infectious agent 
itself is used in a conjugate according to the invention. In 
accordance with this embodiment, a conjugate comprising 
the infectious agent, Such as a virus, and a binding pair mem 
ber is used. Any infectious agent may be used, such as a virus, 
including a human or avian influZena virus or HIV, or any 
other virus. The infectious agent may be modified or attenu 
ated to reduce or eliminate its infectivity. 

For the purpose of illustration only, this aspect of the inven 
tion is described in more detail with reference to influenza. 
Influenza is a contagious disease caused by the influenza 
virus, and affects the respiratory tract, often resulting in 
symptoms in the nose, throat and lungs, as well as fever, 
headache, tiredness and aches. It can also lead to complica 
tions such as pneumonia, bronchitis, or sinus and ear infec 
tions or exacerbate chronic conditions. Influenza viruses are 
classified as type A, B or C. Strains belonging to types A and 
B circulate in the population and are associated with most 
cases of human influenza. Type A influenza causes the over 
whelming majority of public health problems in humans. 

Type A influenza viruses are subtyped depending on the 
composition of two of its proteins; hemagglutinin (H), a pro 
tein that facilitates binding and entry of the virus into the 
target cell, and neuraminidase (N), a protein involved in the 
release of newly formed virus particles from infected cells 
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and spreading it through the body. Fifteen hemagglutinin 
subtypes (H1-H15) and 9 neuraminidase subtypes (N1-N9) 
have been identified. Large outbreaks of influenza in humans 
have been caused by three hemagglutinin subtypes (H1, H2 
and H3) and two neuraminidase subtypes (N1 and N2). For 
example, the hemagglutinin of the 1918 flu virus was H1, its 
neuraminidase was N1, so it is designated as an H1N1 sub 
type. Other outbreaks have included the H2N2 subtype in 
1957, H3N2 in 1968, and H5N1 in the recent outbreaks in 
birds and humans in Southeast Asia, China, and now Europe 
and the Middle East. 

Influenza A viruses constantly evolve by mechanisms 
which involve mutations or changes in the reactive or anti 
genic sites of hemagglutinin and neuraminidase, or by the 
Sudden replacement of one hemagglutinin or neuraminidase 
Subtype by another subtype. These mechanisms result in new 
virus subtypes and allow the influenza virus to evade the 
defenses of the immune system and spread. Antigenic vari 
ants of influenza A viruses emerge every year and demand an 
updated vaccine formulation based on ongoing international 
surveillance of influenza virus by the World Health Organi 
Zation. Due to this phenomenon in which new influenza virus 
Subtypes constantly emerge. Such as H5N1 in recent years, 
more major outbreaks of influenza are expected to occur. In 
certain plausible bioterrorism scenarios, laboratory-derived 
viruses would similarly be designed to effect antigenic 
changes and hence to cause outbreaks that would evade estab 
lished host defenses. 
The conjugates of the present invention can be used in 

influenza vaccines that are easy to produce and manufacture 
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quickly, whose antigenic component can be changed and 
updated based on the current health needs without difficulty, 
that selectively targets viral machinery and infected cells, and 
that can be administered post-infection for a therapeutic 
effect as well as pre-infection for prevention. 

Thus, in accordance with one embodiment, an influenza 
antigen (or antigenic fragment thereof) is used as the antigen 
component of a conjugate of the present invention. For 
example, the antigen may comprise one or more of H1 and N1 
(both highly immunogenic) and/or one or more of nucleopro 
tein (NP) and matrix protein 1 (MP1) and/or matrix protein 2 
(MP2) (all highly conserved, structural proteins). Proteins 
from pandemic strains such as H5, also can be used as anti 
gens in accordance with the invention. While not wanting to 
be bound by any theory, intracellular proteins such as NP and 
MP2 may provide a more universal vaccine because they 
exhibit little or no variance and therefore may prevent heter 
ologous viral infections without the need for annual adjust 
ment. For example, NP exhibits >90% protein sequence 
homology among influenza A isolates and contains dominant 
cytotoxic T cell target epitopes. Other influenza antigens 
useful in the present invention include PA, PB1 and PB2 
(RNA polymerase subunits) and NS1 and NS2 (interferon 
response inhibitor and RNP nuclear export). See also, Brown, 
2000, Biomed. Pharmacother. 54: 196-209; Steinhauer et al., 
2002, 36: 305-32: De Jong et al., 2000, 40: 218-28: Alex 
ander, Vet. Microbiol. 74: 3-13. 

Thus, in accordance with one embodiment, a Type A influ 
enza hemagglutinin protein (or antigenic fragment thereof) is 
used as the antigen component of a conjugate of the present 
invention. Currently the prevention of influenza is achieved 
by subcutaneous injection of an influenza vaccine with Has 
the major component. For example, H1 from influenza virus 
A/PuertoRico/8/34 (PR8) (H1N1) is the predominant, circu 
lating H protein and has been well-characterized, and can be 
used in accordance with the invention. In another embodi 
ment, a Type A influenza neuraminidase protein (or antigenic 
fragment thereof) is used as the antigen component of the 
conjugate. A composition comprising either an H protein 
containing conjugate oran N protein-containing conjugate is 
useful as a vaccine against influenza. (For example, current 
influenza vaccines comprise an H protein as the major com 
ponent, and have been shown to induce Sufficient immunity to 
prevent an epidemic of homologous virus.) Alternatively, it 
may be advantageous to administer both a conjugate com 
prising an H protein and a conjugate comprising an N protein, 
or any combination of antigens, such as a combination of 
variable and conserved antigens. This could be effected by 
administering two or more compositions, each comprising a 
single antigen-containing conjugate, or by providing two or 
more conjugates (and, therefore, two or more antigens) in a 
single composition. In one embodiment, the antigen compo 
nents of the conjugate(s) are chosen based on current public 
health needs. 

In one embodiment, the conjugate comprises 4-1BBL as 
the immune co-simulatory polypeptide. While not wanting to 
be bound by any theory, it is believed that this conjugate, 
when administered to a patient in vivo, will bind to DCs 
through the interaction between 4-1BBL and the 4-1BB 
receptor on DCs, resulting in internalization of the vaccine 
and presentation of the influenza antigen on the Surface of the 
DC, as well as activation and maturation of DCs. Activation 
of the DC may in turn lead to interaction with and activation 
of CD8 and CD4 T cells. Activated CD4 T cells may then 
interact with B cells and cause their activation and differen 
tiation into antibody Secreting cells, leading to a humoral 
response. Activation of CD8 T cells also may lead to differ 
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26 
entiation and proliferation of more CD8 T cells which func 
tion to kill virus-infected cells. The conjugate also may bind 
directly to activated CD8 and CD4 T cells expressing the 
4-1BB receptor, further amplifying the signal. In addition, the 
conjugate (via 4-1BBL) may bind directly to activated natural 
killer (NK) cells, which also function to kill virus-infected 
cells, all of which results in a more robust immune response. 
Thus, the conjugate will generate both cellular and humoral 
responses that Support its efficact in therapeutic and prophy 
lactic vaccines. 
The antigen components of conjugates useful as vaccines 

against other infectious agents can be selected in an analo 
gous manner by those skilled in the art, based on the antigens 
associated with those infectious agents. For example, anti 
gens associated with HIV include HIV envelope gp120 
epitopes (e.g., variable loops such as V3), or other HIV pro 
teins such as Gag proteins (Prš5*, matrix p17, capsid p24. 
nucleocapsid p7), p5; Pol (polymerase), Vif (viral infectivity 
factor p23); Vpr (viral protein Rp15); Rev (regulator of viral 
gene expression p19); Vpu (viral protein U); Env (gp160, 
gp120, gp41); Tat (trancripinal activator p14); and Nef (nega 
tive effector p24). See, e.g., Peters, 201, Vaccine 2: 688-705; 
Michael, 2003, Clin. Med. 3: 269-72; Gandhi & Walker, 
2002, Ann. Rev. Med. 53:149-72; Haseltine, 1991, FASEB 5: 
2349-60. Other antigens useful in vaccines include capsular 
polysaccharides of Haemophilus influenzae type b, capsusalr 
polysaccharides of Neisseria meningitidis, capsusalr 
polysaccharides of Streptococcus pneumoniae, Surface anti 
gens of Hepatitis B, and inactivated exotoxins of diphtheria 
and tetanus toxins. These antigens can be used in accordance 
with the present invention as described above with reference 
to influenza antigens. 
Binding Pairs 
An exemplary binding pair is biotin and streptavidin (SA) 

or avidin. SA or avidin fragments which retain substantial 
binding activity for biotin, such as at least 50% or more of the 
binding affinity of native SA or avidin, respectively, also may 
be used. Such fragments include “core streptavidin” (“CSA) 
a truncated version of the full-length streptavidin polypeptide 
which may include streptavidin residues 13-138, 14-138, 
13-139 and 14-139. See, e.g., Pahler et al., J. Biol. Chem. 
1987, 262:13933-37. Other truncated forms of streptavidin 
and avidin that retain strong binding to biotin also may be 
used. See, e.g. Sano et al., J Biol. Chem. 1995 Nov. 24. 
270(47): 28204-09 (describing core streptavidin variants 
16-133 and 14-138) (U.S. Pat. No. 6,022,951). Mutants of 
streptavidin and core forms of strepavidin which retain sub 
stantial biotin binding activity or increased biotin binding 
activity also may be used. See Chilcoti et al., Proc Natl Acad 
Sci USA. 1995 Feb. 28; 92(5):1754-8; Reznik et al., Nat. 
Biotechnol. 1996 August; 14(8): 1007-11. For example, 
mutants with reduced immunogenicity, such as mutants 
mutated by site-directed mutagenesis to remove potential T 
cell epitopes or lymphocyte epitopes, can be used. See Meyer 
et al., Protein Sci. 2001 10: 491-503. Likewise, mutants of 
avidinandcore forms of avidin which retain substantial biotin 
binding activity or increased biotin binding activity also may 
be used. See Hiller et al., J. Biochem. (1991) 278: 573-85; 
Livnah et al. Proc Natl AcadSci USA (0:5076-80 (1993). For 
convenience, in the instant description, the terms “avidin' 
and “streptavidin' as used herein are intended to encompass 
biotin-binding fragments, mutants and core forms of these 
binding pair members. Avidin and streptavidin are available 
from commercial Suppliers. Moreover, the nucleic acid 
sequences encoding streptavidin and avidin and the strepta 
vidin and avidin amino acid sequences can be found, for 
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example, in GenBank Accession Nos. X65082: X03591; 
NM 205320: XO5343; Z21611; and Z21554. 
As used herein “biotin' includes biotin-containing moi 

eties that are able to bind to surfaces, such as cell surfaces 
(including tumor cell surfaces), such as NHS-biotin and EZ- 5 
LinkTM Sulfo-NHS-LC-Biotin (Pierce). Such protein reactive 
forms of biotin are available commercially. 
The interaction between biotin and its binding partner, 

avidin or streptavidin, offers several advantages in the context 
of the present invention. For example, biotin has an extremely 
high affinity for both streptavidin (10'M') and avidin (10' 
M'). Additionally, both streptavidin and avidin are tet 
rameric polypeptides that each bind four molecules of biotin. 
Immune co-stimulatory moieties comprising streptavidin or 
avidin therefore have a tendency to form tetramers and higher 
structures. As a result, they can cross-link their corresponding 
immune cell receptors for more potent signal transduction, 
Such as through aggregation of receptors. 

Those skilled in the art will recognize that other mecha- 20 
nisms (e.g., other conjugation methods using, for example, 
other linking moieties or chemical or genetic cross-linking) 
can be used to provide higher-order structures of immune 
co-stimulatory molecules, such as conjugates comprising 
dimers, trimers, tetramers and higher-order multimers of 25 
immune co-stimulatory molecules, which also will exhibit 
advantageous properties. Such conjugates are included 
within the scope of this invention. 
Conjugates 
A conjugate comprising an immune co-stimulatory 30 

polypeptide, antigen, or infectious agent and a member of a 
binding pair can be made by methods well known in the art. 
For example, the polypeptide?antigen/infectious agent and 
binding pair member can be covalently bound to each other or 
conjugated to each other directly or through a linker. In accor- 35 
dance with one embodiment, the polypeptide/antigen/infec 
tious agent and binding pair member are components of a 
fusion protein. Fusion proteins can be made by any of a 
number of different methods known in the art. For example, 
one or more of the component polypeptides of the fusion 40 
proteins can be chemically synthesized or can be generated 
using well known recombinant nucleic acid technology. (AS 
used herein, “nucleic acid” refers to RNA or DNA.) Nucleic 
acid sequences useful in the present invention can be obtained 
using, for example, the polymerase chain reaction (PCR). 45 
Various PCR methods are described, for example, in PCR 
Primer: A Laboratory Manual, Dieffenbach 7 Dveksler, Eds. 
Cold Spring Harbor Laboratory Press, 1995. 

In accordance with one embodiment, an immune co-stimu 
latory polypeptide is bound via its C-terminus to the N-ter- 50 
minus the binding pair member. For example, an immune 
co-stimulatory polypeptide can be bound via its C-terminus 
to the N-terminus of core streptavidin (CSA). Thus the inven 
tion includes CD80-CSA fusion proteins, where the CD80 
moiety is bound via its C-terminal to the N-terminal of CSA. 55 
In accordance with another embodiment, the immune co 
stimulatory polypeptide is bound via its N-terminus to the 
C-terminus of the binding pair member. For example, an 
immune co-stimulatory polypeptide can be bound via its 
N-terminus to the C-terminus of CSA. For example, the 60 
invention includes CSA-4-1BBL, CSA-LIGHT, CSA 
CD40L, and CSA-OX40L fusion proteins, where the CSA 
moiety is bound via its C-terminal to the N-terminal of the 
immune co-stimulatory polypeptide. The immune co-stimu 
latory polypeptide may be directly bound to the binding pair 65 
member or may be bound via one or more linking moieties, 
Such as one or more linking polypeptides. 
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In accordance with one embodiment, the immune 

co-stimulatory polypeptide, antigen or infectious agent is 
biotinylated. Biotinylated conjugates can be made by meth 
ods known in the art, and exemplified below in the examples. 

For example, Biotin AviTag technology from Avidity, Inc. 
(Denver, Colo.) can be used to generate biotinylated proteins 
or infectious agents. The Biotin AviTag is comprised of a 
unique 15 amino acid peptide that is recognized by biotin 
ligase, BirA, that attaches biotin to a lysine residue in the 
peptide sequence. Schatz, 1993, Biotechnology, 11: 1138-43. 
The Biotin AviTag can be genetically fused to any protein of 
interest, allowing the protein to be tagged with a biotin mol 
ecule. 
One potential drawback to the Biotin AviTag technology is 

the possibility of a low degree of biotinylation, because the 
system biotinylates the protein at a single, unique lysine resi 
due in the tag region. To overcome any such problem, the 
purified tagged proteins can be modified in vitro using puri 
fied biotin ligase. Because the biotinylation is performed 
enzymatically, the reaction conditions are gentler, the label 
ing is highly specific, and the reaction is more efficient than 
chemical modification of the protein using biotin derivatives. 
Alternatively, the methods described in Jordan, et al., 2003, 
Clin. Diag. Lab. Immunol. 10: 339-44, can be used to produce 
a genetically engineered biotinylated protein. 

Fragments of an immune co-stimulatory polypeptide, 
binding pair member antigen, or infectious agent are useful in 
the present invention, as long as the fragment retains the 
activity of the referent full-length moiety. Thus, for example, 
an immune co-stimulatory fragment should retain its immune 
co-stimulatory activity (e.g., retain its ability to bind its recep 
tor or ligand), a binding member fragment should retain its 
ability to bind with its binding partner, and an antigen or 
infectious agent fragment should retain its ability to induce an 
immune response against the referent full-length antigen or 
infectious agent. Fragments can be screened for retained 
activity by methods that are routine in the art. Exemplary 
fragments of immune co-stimulatory polypeptides are set 
forth above. 
The conjugates may include a linker Such as a peptide 

linker between the binding pair member and the immune 
co-stimulatory polypeptide, antigen, or infectious agent. The 
linker length and composition may be chosen to enhance the 
activity of either or both functional ends of the conjugate 
(e.g., co-stimulatory polypeptide?antigen infectious agent or 
binding pair member). The linker is generally from about 3 to 
about 15 amino acids long, more preferably about 5 to about 
10 amino acids long, however, longer or shorter linkers may 
be used or the linker may be dispensed with entirely. Flexible 
linkers (e.g. (Gly Ser).) Such as have been used to connect 
heavy and light chains of a single chain antibody may be used 
in this regard. See Huston, et al. (1988) Proc. Nat. Acad. Sci. 
USA, 85:5879-5883: U.S. Pat. Nos. 5,091,513, 5,132,405, 
4,956,778; 5,258,498, and 5,482,858. Other linkers are 
FENDAQAPKS or LQNDAQAPKS. One or more domains 
of and immunoglobulin Fc region (e.g. CH1, CH2 and/or 
CH3) also may be used as a linker. Chemical linkers also may 
be used. 

Nucleic acids and polypeptides that are modified, varied, or 
mutated also are useful in the present invention, as long as 
they retain the activity of the referent nucleic acid or polypep 
tide. For example, nucleic acid and polypeptide sequences 
suitable for use in the present invention can have at least about 
80% sequence identity (including at least 80% sequence iden 
tity) to a referent nucleic acid or polypeptide, i.e., to a nucleic 
acid encoding a known immune co-stimulatory polypeptide 
or binding pair member. In some embodiments, the nucleic 
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acid sequence or polypeptide has at least about 85%, at least 
about 90%, at least about 95%, or at least about 99% sequence 
identity to the referent nucleic acid or polypeptide. 
The invention encompasses nucleic acids with base 

changes that are “silent,” in that they encode the same amino 
acid (i.e. degenerate nucleic acid sequences). The invention 
also encompasses nucleic acids that encode polypeptides 
with conservative amino acid substitutions, and Such 
polypeptides. Conservative amino acid Substitutions (for 
example, substituting one hydrophobic residue with a differ 
ent hydrophobic residue) are well known in the art and can be 
effected, e.g., by point mutations and the like. The suitability 
of a given modified sequence, variant or mutant can be con 
firmed using receptor binding and/or biological Screening 
methods that are known in the art, such as those discussed 
above with reference to fragments. 
As used herein, "'6 sequence identity” is calculated by 

determining the number of matched positions in aligned 
nucleic acid or polypeptide sequences, dividing the number 
of matched positions by the total number of aligned nucle 
otides oramino acids, respectively, and multiplying by 100. A 
matched position refers to a position in which identical nucle 
otides oramino acids occurat the same position in the aligned 
sequences. The total number of aligned nucleotides oramino 
acids refers to the minimum number of nucleotides or amino 
acids that are necessary to align the second sequence, and 
does not include alignment (e.g., forced alignment) with non 
homologous sequences, such as those that may be fused at the 
N-terminal or C-terminal of the sequence of interest (i.e., the 
sequence encoding the immune co-stimulatory polypeptide 
or binding pair member). The total number of aligned nucle 
otides or amino acids may correspond to the entire coding 
sequence or may correspond to fragments of the full-length 
sequence as defined herein. 

Sequences can be aligned using the using the algorithm 
described by Altschul et al. (1997, Nucleic Acids Res., 
25:3389-3402) as incorporated into the BLAST (basic local 
alignment search tool) programs, available at ncbi.nlm. 
nih.gov on the World WideWeb. BLAST searches or align 
ments can be performed to determine percent sequence iden 
tity between a nucleic acid molecule (the “query sequence') 
and any other sequence or portion thereofusing the Altschul 
algorithm. BLASTN can be used to align and compare the 
identity between nucleic acid sequences, while BLASTP can 
be used to align and compare the identity between amino acid 
sequences. When utilizing BLAST programs to calculate the 
percent identity between a nucleic acid sequence encoding a 
therapeutic polypeptide and another sequence, the default 
parameters of the respective programs can be used including 
the default for gap penalty. 

Nucleic acids of the present invention may be detected by 
methods such as Southern or Northern blot analysis (i.e., 
hybridization), PCR, or in situ hybridization analysis. 
Polypeptides are typically detected by immunocytochemistry 
in transfected cell lines or by sodium dodecyl sulphate (SDS)- 
polyacrylamide gel electrophoresis followed by Coomassie 
Blue-staining or Western blot analysis using antibodies 
(monoclonal or polyclonal) that have specific binding affinity 
for the particular polypeptide. Many of these methods are 
discussed in detail in Sambrooketal. (1989, Molecular Clon 
ing: A Laboratory Manual. 2" Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.). 
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30 
Nucleic acid sequences encoding an immune co-stimula 

tory polypeptide and the binding pair member can be oper 
ably linked to one another in a construct using conventional 
molecular biology techniques. See, for example, Molecular 
Cloning: A Laboratory Manual (Sambrook et al., 2001, 2" 
Ed., Cold Spring Harbor Laboratory Press) or Short Protocols 
in Molecular Biology (Ausubel et al., 2002, 5' Ed., Current 
Protocols). Constructs suitable for use in these methods are 
commercially available and used routinely in the art. Con 
structs can include elements necessary for expression Such as 
promoter sequences, regulatory elements such as enhancer 
sequences, and response elements and/or inducible elements 
that modulate expression of a nucleic acid sequence. As used 
herein, “operably linked’ refers to (i) positioning of a pro 
moter and/or other regulatory element(s) relative to a nucleic 
acid sequence in Sucha way as to director regulate expression 
of the nucleic acid; and/or (ii) positioning the nucleic acid 
encoding the immune co-stimulatory polypeptide and the 
nucleic acid encoding the binding pair member, Such that the 
coding sequences are "in frame, i.e., Such that the construct 
encodes a fusion protein comprising the immune co-stimula 
tory polypeptide and the binding pair member. 
A construct can be propagated or expressed to generate a 

polypeptide in a host cell by methods known in the art. As 
used herein, the term "host' or "host cell' is meant to include 
not only prokaryotes, such as E. coli, but also eukaryotes, 
Such as yeast, insect, plant and animal cells. Animal cells 
include, for example, COS cells and HeLa cells. A host cell 
can be transformed or transfected with a DNA molecule (e.g., 
a construct) using any of the techniques commonly known to 
those of ordinary skill in this art, Such as calcium phosphate or 
lithium acetate precipitation, electroporation, lipofection and 
particle bombardment. Host cells containing a vector of the 
present invention may be used for purposes such as propagat 
ing the vector, producing a nucleic acid (e.g., DNA or RNA), 
expressing an immune co-stimulatory polypeptide or frag 
ments thereof, or expressing a fusion protein, as described 
above. 

FIGS. 1A & 1B, 2A & 2B, 3A & 3B, 4A & 4B, 5A & 5B, 
and 7A & 7B show representative nucleic acid sequences 
(SEQ ID NOS. 1, 3, 5, 7, 9 & 14) that include coding 
sequences for immune co-stimulatory moieties that comprise 
core streptavidin and an immune co-stimulatory polypeptide, 
and the corresponding encoded amino acid sequences (SEQ 
ID NOS. 2, 4, 6, 8, 10 & 15). 
Immunotherapy 
One embodiment of the present invention provides a 

method of generating or enhancing an immune response 
against a first antigen or infectious agent by administering to 
a patient in need thereof (a) a first conjugate comprising (i) a 
conjugate member comprising a first immune co-stimulatory 
polypeptide and (ii) a conjugate member comprising a first 
member of a binding pair, and (b) a second conjugate com 
prising (i) a conjugate member comprising the first antigen or 
the infectious agent and (ii) a conjugate member comprising 
a second member of the binding pair. In an alternative 
embodiment, immune cells are treated with the first and sec 
ond conjugates and then administered to the patient. As dis 
cussed above, any immune co-stimulatory polypeptide and 
any antigenassociated with a tumor or infectious agent (or the 
infectious agent itself) may be used, as may any binding pair. 
The present invention include the use of chimeric 

co-stimulatory molecules with and without conjugation to the 
antigen of interest. 

In embodiments where the conjugates are administered 
directly to the patient, the first conjugate and the second 
conjugate can be administered at Substantially the same time 



US 9,079,976 B2 
31 

or at different times. In one embodiment, the conjugates are 
bound together via the binding activity of the binding pair 
members before administration to the patient. For example, 
the first and second conjugates can be combined in vitro and 
administered in a single composition. In another embodi 
ment, the first conjugate is administered first, followed by 
administration of the second conjugate after a time sufficient 
for the immune co-stimulatory polypeptide to bind to 
immune cells. This time period, for example, may vary from 
one to a few hours, to from one day to a few days, to from one 
week or longer. 

The first and second conjugates can be administered to the 
patient systemically or locally, such as by intravenous, intra 
nasal, peritoneal, or subcutaneous injection. In one embodi 
ment, one or more of the composition(s) are administered 
locally via direct injection into a tumor site. Such as by intra 
tumoral injection, or into a site of local infection. In another 
embodiment one or more of the compositions are adminis 
tered by different routes. For example, or one or more com 
positions can be administered locally and one or more can be 
administered systemically. 

In embodiments where the conjugates are use to treat 
immune cells which are then administered directly to patient, 
the immune cells can be treated with the first and the second 
conjugates at Substantially the same time or at different times. 
In one embodiment, the first and second conjugates are bound 
together via the binding activity of the binding pair members 
before being used to treat immune cells. For example, the first 
and second conjugates can be combined in a single compo 
sition and used to treat immune cells in vitro, such as by 
contacting immune cells with the composition. In another 
embodiment, immune cells are treated with the first conju 
gate, followed after a period of time by treatment with the 
second conjugate. This time period, for example, may vary 
from one to a few hours, to from one day to a few days, to from 
one week or longer. The treated immune cells are adminis 
tered to the patient by any means described above, including 
systemic or local administration, such as intratumoral injec 
tion or injection into a site of local infection. 

In accordance with one embodiment, the method further 
comprises administering a third conjugate or treating immune 
cells with a third conjugate. In one embodiment, the third 
conjugate comprises (i) a conjugate member comprising an 
immune co-stimulatory polypeptide and (ii) a conjugate 
member comprising a second antigen associated with the 
tumor or infectious agent or the infectious agent itself. The 
immune co-stimulatory polypeptide of the third conjugate 
may be the same as or different from the immune co-stimu 
latory polypeptide of the first conjugate, and the second anti 
gen may be the same as or different from the first antigen. In 
a specific aspect of this embodiment, the immune co-stimu 
latory polypeptide and second antigen are bound together via 
interactions of binding pair members associated with each of 
the immune co-stimulatory polypeptide and second antigen. 
In accordance with this embodiment, the first and second 
binding pair members of the third conjugate may be the same 
as or different from the first and second binding pair members 
of the first and second conjugates. 

In one embodiment, the first conjugate comprises an 
immune co-stimulatory polypeptide that binds to a constitu 
tive receptor, such as CD80, LIGHT, and CD40L, and the 
third conjugate comprises an immune co-stimulatory 
polypeptide that binds to an inducible receptor, Such as 
4-1BBL and OX4OL. 
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Table 7 below provides a listing of costimulatory mol 

ecules that are constitutive and inducible. 

TABLE 7 

Constitutive Inducible 

CD80-CSA CSA-4-1BBL 
CSA-CD4OL CSA-OX4OL 
CSA-LIGHT PD-L1-CSA 

GLSO-CSA 

Efficacy of cancer immunotherapy can be assessed by 
determining the decrease in tumor cell proliferation and/or 
tumor size. The number of tumor cells is not static and reflects 
both the number of cells undergoing cell division and the 
number of cells dying (e.g., by apoptosis). Increasing an 
individual’s immune response against tumor cells may inhibit 
proliferation of the cells. Proliferation of tumor cells as used 
herein refers to an increase in the number of tumor cells (in 
vitro or in vivo) over a given period of time (e.g., hours, days, 
weeks, or months). Inhibiting the proliferation of tumor cells 
can be measured by a decrease in the rate of increase in tumor 
cell number, a complete loss of tumor cells, or any decrease in 
proliferation therebetween. A decrease in the size of a solid 
tumor is an indication of an inhibition of proliferation of 
tumor cells. 
The present invention offers an advantage over prior art 

cancer vaccines by providing the ability to target TAAS spe 
cifically to DCs through the interaction of the immune co 
stimulatory polypeptide (such as 4-1BBL) with the its recep 
tor. Moreover, the invention provides a vaccine that can be 
administered to a patient by injection and taken up by the DC 
in vivo, leading to antigen presentation and activation without 
requiring the isolation and ex vivo manipulation of DCs or the 
use of gene therapy. 

Efficacy of immunotherapy against infection can be 
assessed by determining the patients infection burden, and 
by assessing clinical endpoints, such as fever or Swelling. 
The use of avidin/biotin binding pairs in accordance with 

the invention (or other mechanisms for providing higher 
order structures of immune co-stimulatory molecules) offers 
the further advantage of providing a tetrameric structure (or 
other multimeric structure) that permits cross-linking of the 
immune co-stimulatory receptor for a stronger response and 
that permits delivery of multiple antigen molecules to DCs. In 
one embodiment, the first binding pair member, i.e., the bind 
ing pair member of the first conjugate (comprising the first 
immune co-stimulatory polypeptide) is avidin, streptavidinor 
core Streptavidin, and the second binding pair member, i.e., 
the binding pair member of the second conjugate (comprising 
the first antigen or the infectious agent) is biotin. In another 
embodiment, the first binding pair member is biotin and the 
second binding pair member is avidin, streptavidin, or core 
streptavidin. 
The use of 4-1BBL as the immune co-stimulatory polypep 

tide may offer further advantages, because stimulation of 
DCs with 4-1BBL has been shown to nullify the suppressive 
function of T cells that play a dominant role in tumor 
evasion of the immune system. Thus, conjugates of the 
present invention comprising 4-1BBL and a TAA will deliver 
the TAA to DCs for effective presentation, activate DCs for 
the elaboration of various cytokines, and nullify the function 
of T cells while boosting the function of Teff and NK cells 
for tinor eradication. 
Modified Immune Cells 
The invention also provides modified immune cells, and 

methods of making them, that are useful in immunotherapy 
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methods as described above. In accordance with this aspect of 
the invention, there is provided a method of modifying 
immune cells to generate or enhance an immune response to 
a tumor expressing a first tumor associated antigen or to an 
infectious agent. The method comprises contacting immune 
cells expressing a receptor for a first immune co-stimulatory 
polypeptide with (a) a first conjugate comprising (i) a conju 
gate member comprising the first immune co-stimulatory 
polypeptide and (ii) a conjugate member comprising a first 
member of a binding pair; and (b) a second conjugate com 
prising (i) a conjugate member comprising an antigen asso 
ciated with the tumor or infectious agent or the infectious 
agent and (ii) a conjugate member comprising a second mem 
ber of the binding pair. In accordance with this method, the 
first conjugate is conjugated to the immune cells via binding 
between the immune co-stimulatory polypeptide and the 
receptor, and the second conjugate is conjugated to the 
immune cell via binding between the first and second binding 
pair members. 
The immune cells may be contacted with the first and 

second conjugates by any means, and this may be effected in 
Vivo or invitro. For example, an in Vivo method may comprise 
administering the first and second conjugates to a patient 
comprising the immune cells and comprising or at risk of 
comprising the tumor or infectious agent. In accordance with 
this this method, the first and second conjugates may be 
administered Substantially simultaneously (in the same or 
separate compositions) or sequentially (in separate composi 
tions). In one embodiment where the patient comprises a 
tumor, at least one of the first and second conjugates is admin 
istered by intratumoral injection. 
An exemplary in vitro method may comprise contacting 

immune cells with the first and second conjugates in vitro, 
Such as by contacting with a single composition comprising 
the first and second conjugates, or by contacting with first and 
second compositions comprising the first and second conju 
gates, respectively. When the conjugates are provided in a 
single composition, they may be bound together via binding 
between the first and second binding pair members, as pro 
vided in the composition. 
Any immune co-stimulatory polypeptide, antigen or infec 

tious agent, and binding pair members can be used in this 
aspect of the invention, including each described above. 
Any immune cell expressing a receptor for the first immune 

co-stimulatory polypeptide can be modified in accordance 
with this method. In one embodiment, the immune cells are T 
cells or neutrophils. Exemplary T cells include CD4+ cells, 
CD8+ cells, natural killer cells, monocytes and dendritic 
cells. 

In a further embodiment of this aspect of the invention, the 
immune cells comprises a receptor for a second immune 
co-stimulatory polypeptide, and the method further com 
prises contacting the immune cells with a third conjugate 
comprising (i) a first conjugate member comprising the sec 
ond immune co-stimulatory polypeptide and (ii) a second 
conjugate member comprising a antigen associated with the 
tumor or infectious agent (or the infectious agent itself). In 
this embodiment, the second immune co-stimulatory 
polypeptide may be the same as or different from the first 
immune co-stimulatory polypeptide and the second antigen, 
if present, may be the same as or different from the first 
antigen, if present. In another specific embodiment, the first 
and second conjugate members further comprising first and 
second members of a binding pair, respectively. In accor 
dance with that embodiment, the first and second binding pair 
members of the third conjugate are the same as or different 
from the first and second binding pair members of the first and 
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second conjugates. Additionally, the first conjugate member 
may be bound to the second conjugate member via binding 
between the first and second binding pair members. 
As with the first and second conjugates discussed above, 

the third conjugate may comprise any immune co-stimulatory 
polypeptide, antigen or infectious agent and binding pair 
members, including any described herein. 

In a related aspect, the invention provides a population of 
immune cells made by this method. Such immune cells gen 
erate or enhance an immune response to the tumor when 
contacted with other immune cells. 
The invention also provides a modified immune cell 

expressing a receptor for a first immune co-stimulatory 
polypeptide, wherein the modified immune cell is modified 
with (a) a first conjugate comprising (i) a conjugate member 
comprising the first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and (b) a second conjugate comprising (i) a conju 
gate member comprising a first antigen or infectious agent 
and (ii) a conjugate member comprising a second member of 
the binding pair. In accordance with this embodiment, the first 
conjugate is conjugated to the immune cell via binding 
between the immune co-stimulatory polypeptide and the 
receptor, and the second conjugate is conjugated to the 
immune cell via binding between the first and second binding 
pair members. 
As with the methods described above, any immune co 

stimulatory polypeptide, antigen or infectious agent, and 
binding pair members can be used in this aspect of the inven 
tion, including each described above. 

Further, any immune cell expressing a receptor for the first 
immune co-stimulatory polypeptide can be modified in 
accordance with this method. In one embodiment, the 
immune cell is a T cell or neutrophil. Exemplary T cells 
include CD4+ cells, CD8+ cells, natural killer cells, mono 
cytes and dendritic cells. 
Immunostimulatory Moieties 
The invention also provides immunostimulatory moieties 

that have immunostimulatory activity. The immunostimula 
tory moieties are useful when administered alone, or when 
used as an adjuvant in conjunction with the administration of 
an antigen or other immunostimulatory agent. For example, 
the immunostimulatory moieties are useful in the context of 
vaccines, cancer immunotherapy, and the treatment of 
immune-based disorders. The immunostimulatory moieties 
can beformulated in compositions suitable for administration 
to an animal, and can be administered to an animal in need of 
immunostimulatation, such as an animal receiving a vaccine, 
cancer immunotherapy, or undergoing treatment for an 
immune-based disorder. 

In accordance with one embodiment, the immunostimula 
tory moiety comprises any of the immune co-stimulatory 
polypeptides described above, such as 4-1BBL, CD86, 
ICOSL, PD-L1, PD-L2, B7-H3, B7-H4, OX40L, CD27L, 
CD3OL, LIGHT, BAFF, APRIL, CD80 and CD40L. In 
another embodiment, the immune co-stimulatory polypep 
tide is selected from the group consisting of 4-1BBL, ICOSL, 
PD-L1, PD-L2, OX40L, CD27L, CD3OL, LIGHT, BAFF, 
and APRIL. In yet another embodiment, the immune co 
stimulatory polypeptide is 4-1BBL. 

In accordance with one specific aspect of this embodiment, 
the immunostimulatory moiety further comprises streptavi 
dinor core streptavidin. For example, the immunostimulatory 
moiety may be a conjugate or fusion protein comprising an 
immunostimulatory polypeptide and core Streptavidin. 

In another embodiment, the immunostimulatory moiety 
consists essentially of the immune co-stimulatory polypep 
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tide and streptavidin or core streptavidin. In accordance with 
this embodiment, the immunostimulatory moiety does not 
comprise, and is not conjugated or otherwise bound to any 
other immunostimulatory agent, such as another immune co 
stimulatory polypeptide or antigen. 
The invention also includes an immunostimulatory method 

that comprises administering an immunostimulatory moiety 
to a patient in need of immune stimulation. In one embodi 
ment of this method, the immunostimulatory moiety com 
prises an immune co-stimulatory polypeptide and streptavi 
din or core streptavidin. In another embodiment, the 
immunostimulatory moiety consists essentially of the 
immune co-stimulatory polypeptide and streptavidin or core 
streptavidin. In a further embodiment, the method further 
comprises administering an antigen to the patient, simulta 
neously or sequentially (either before or after) administration 
of the immunostimulatory moiety. In some embodiments of 
simultaneous administration, the immunostimulatory moiety 
and antigen are administered in a single composition, such as 
a mixture comprising the immunostimulatory moiety and 
antigen. In other embodiments of simultaneous administra 
tion, the immunostimulatory moiety and antigen are admin 
istered in separate compositions. In some embodiments, the 
antigen is administered as an antigen-containing conjugate as 
described above, such as a conjugate comprising an antigen 
and a member of a binding pair. In other embodiments, the 
antigen is not administered as a conjugate comprising a mem 
ber of a binding pair. 

Another embodiment of the immunostimulatory method 
consists essentially of administering an immunostimulatory 
moiety that consists essentially of the immune co-stimulatory 
polypeptide and streptavidin or core streptavidin. In accor 
dance with this embodiment, no other immunostimulatory 
agent, such as another immune co-stimulatory polypeptide or 
antigen, is administered that would become conjugated or 
otherwise bound to the immunostimulatory moiety. Thus, for 
example, no biotinylated molecule. Such as biotinylated cells 
or protein conjugate comprising biotin, is administered. 

While not wanting to be bound by any theory, it is believed 
that the immunostimulatory moieties of the invention stimu 
late interactions between cell Surface immune receptors and 
their ligands, thereby promoting humoral and cellular 
immune responses. Immunostimulatory moieties comprising 
streptavidin (or core streptavidin) form stable tetramers and 
oligomers that effectively engage receptors, and stimulate B 
cells, monocytes, and dendritic cells for the production of 
cytokines, chemokines, and up-regulation of immunostimu 
latory molecules. 
The following examples illustrate the invention in more 

detail, and are not intended to limit the scope of the invention 
in any respect. 

EXAMPLES 

Experimental Methods 

Animals. 
Adult inbred BALB/c (H-2) and C57BL/6 mice are pur 

chased from Jackson Laboratories (Bar Harbor, Me...). TCR 
transgenic OT-I, DO11.10, C57BL/6. SJL animals are be pur 
chased from Taconics (Germantown, N.Y.) and maintained 
under NIH Guidelines. 

Establishment of A20 Cells Expressing OVA. 
An OVA construct was obtained from Dr. Tom Mitchell of 

the University of Louisville and directionally cloned into the 
pcDNA3 vector (Invitrogen, San Diego, Calif.) restricted 
with BglII and EcoRI. After bacterial transformation and 
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selection on amplicillin medium, several clones were Sub 
jected to mini plasmid preparation and digested with BglI/ 
EcoRI to identify positive clones. A clone containing the 
insert was then used for large plasmid preparation and trans 
fection into A20 cells using LipofectamineTM 2000 (Invitro 
gen) kit according to the manufacturers instructions. Cells 
are be selected in media containing G418 (Geneticin) and 
expression of OVA is determined using Western blots and 
antibodies against OVA or T cell proliferation assays. 

Establishment of TC-1 Transplantable Cervical Cancer 
Model. 
A TC-1 tumor model was established in C57BL/6 mice. 

The tumorigenic TC-1 cell line was derived by cotransforma 
tion of primary C57BL/6 mouse lung epithelial cells with 
HPV-16 E6 and E7 and an activated ras oncogene, and has 
been characterized as a model for human cervical carcinoma. 
TC-1 cells form tumors in syngeneic C57BL/6 mice. To 
establish the model, 1x10 tumor cells were transplanted into 
the right flank of C57BL/6 mice and animals were monitored 
for tumor growth. 

Expression and Purification of the Recombinant 4-1BBL 
Using Insect DES Expression System. 

Stable transfectants expressing 4-1BBL using the Droso 
phila DES Expression System (Invitrogen; Carlsbad, Calif.) 
are established as described in Singh et al., 2003, Cancer Res. 
63: 4067-73. Transfectants are induced for recombinant pro 
tein expression in Drosophila serum-free medium (Gibco; 
Carlsbad, Calif.) supplemented with 1 mM copper sulfate for 
72 hours in an incubator shaker set at 25° C. and 105 rpm. 
Culture Supernatant is harvested by centrifugation and Sub 
jected to large-scale purification using cobalt(II)-carboxym 
ethylaspartate crosslinked agarose immobilized metal affin 
ity resin (BD-Talon, BD Biosciences) or Ni-NTA metal 
affinity resin (Qiagen), taking advantage of the 6x-His-tag 
engineered into the proteins. 

Briefly, culture medium containing 4-1BBL are precipi 
tated by dropwise addition of 95% ethanol to produce a final 
concentration of 10% ethanol. After an overnight incubation 
at 4°C. the precipitated 4-1BBL is redissolved in /10 of its 
starting volume with binding buffer (50 mM sodium phos 
phate pH 7.0: 500 mM sodium chloride: 0.5% Tween-20; 1% 
glycerol; 5 mM 2-mercaptoethanol). The metal affinity resin 
is equilibrated using 5x gel bed volume of binding buffer, 
added to the redissolved protein solution containing 4-1BBL, 
and incubated with end-over-end rotation for 45 minutes at 
room temperature. The 4-1BBL bound metal affinity resin is 
washed 2x with 50-100 ml of wash buffer (50 mM sodium 
phosphate pH 7.0:500 mM sodium chloride). Bound 4-1BBL 
is eluted from the metal affinity resin with 2x gel bed volume 
of elution buffer (50 mM sodium phosphate pH 7.0: 500 mM 
sodium chloride 150 mM imidazole). 

Purified 4-1BBL eluates are pooled and loaded into Ami 
con UltraTM (Millipore; Bedford, Mass.) centrifugal filter 
devices with 30 kD molecular weight cut off membrane. The 
centrifugal filter devices are centrifuged at 3000 rpm (2000x 
g) at 4°C. for 15 minutes. Sterile PBS is added to the retentate 
and the filters are centrifuged again at 3000 rpm (2000xg). 
The retentate containing the concentrated/desalted 4-1BBL is 
aspirated from the centrifugal filter devices, placed in sterile 
cryovials, and stored in liquid nitrogen. The purity of the 
isolated proteins is assessed by SDS-polyacrylamide gel elec 
trophoresis. Protein concentration is determined using the 
BCA protein assay (Pierce) according to the manufacturers 
instructions. 

Expression and Purification of Biotinylated OVA. 
The OVA construct described above is subcloned into the 

pAN and pAC vectors from Avidity, Inc. (Denver, Colo.) to 
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express N-terminal as well as C-terminal AviTag-protein 
fusions, respectively. After bacterial transformation and 
selection on amplicillin medium, several clones are subjected 
to mini plasmid preparation and digested with the appropriate 
restriction enzymes to identify positive clones. A clone with 
the insert is used for large plasmid preparation. Plasmids are 
used to transform AVB100 E. coli, a strain with the birA 
ligase gene stably integrated into the chromosome. Protein 
expression is induced with L-arabinose for high level of 
expression of OVA with the biotintag. The expressed proteins 
are purified using an AviTag antibody agarose. Purified OVA 
is assessed for concentration, endotoxin level, and biotinyla 
tion using Western blot and alkaline phosphatase conjugated 
streptavidin for probing. If necessary, endotoxin is removed 
using Detoxi-Gel Endotoxin Removing kit (Pierce). Biotiny 
lated OVA is conjugated with a CSA-4-1BBL fusion protein 
and tested in in vivo proliferation assays using OT-I TCR 
transgenic cells, as discussed below. The protein is aliquoted 
and frozen in -70° C. until use. 

Proliferation Assays. 
For in vivo proliferation assay, spleen and lymph node cells 

are harvested from OT-1 (OVAs, 2/K) TCR transgenic 
animals. Cells are labeled with 5uMCFSE (carboxyfluores 
cein diacetate succinimidylester) and one million CFSE-la 
beled cells are transferred into CD45.1 congeneic B6-SJL 
mice by tail-vein injection. After 24 hours, animals are chal 
lenged with 10 ug OVA alone, OVA mixed with or conjugated 
to CSA or CSA-4-1BBL. Spleen and lymph nodes cells are 
harvested after 3 days and proliferation is determined by 
analysis of CFSE dilutionin CD8" CD45.1" (OT-1) cell popu 
lations in the lymphoid gate. Cells harvested from Some ani 
mals that did not receive OVA protein are used to determine 
the parent population for analysis. 

In vitro proliferation assays are performed as follows: 
CFSE-labeled DO11.10 (OVAss/I-A) TCR transgenic 
cells from BALB/c mice are used as responders against irra 
diated A20 transfectants expressing OVA at various ratios for 
3 days. Cultures are harvested and analyzed in flow cytometry 
for proliferation. 

Flow Cytometry. 
Flow cytometric analysis is performed by first titrating the 

primary and secondary antibodies of interest and then using 
the optimum concentrations in flow cytometry using standard 
procedures. See, e.g., Mhoyan et al., 1997, Transplantation 
64: 1665-70. Isotype-matched antibodies serve as negative 
controls. Samples are run on a FACS Calibur or Vantage 
(Becton Dickinson; Mountain View, Calif.) and analysis is 
performed using FlowJo software (TreeSoft). 

Immunotherapy. 
Vaccinations are performed as follows. Briefly, CSA-4- 

1BBL fusion protein is mixed with biotinylated OVA in PBS 
at various molar ratios and then injected intraperitoneally into 
BALB/c mice for pre-vaccination, or for immunotherapy into 
animals that have been inoculated Subcutaneously in the flank 
with a lethal dose of viable A20 (1x10) cells. Controls 
include animals without vaccination or those vaccinated with 
control proteins. Once detected, tumors are measured every 
other day using calipers and tumor size is reported as the 
average of the longest diameter and the perpendicular 
diameteritstandard error. Animals are euthanized when the 
tumor size reaches approximately 20mm in diameter to avoid 
discomfort. 

Statistics. 
The effect of treatments on tumor survival is estimated 

using Kaplan-Meier curves. The differences in survival 
between different groups is assessed using the log-rank test 
(generalized Savage/Mantel Cox). Procedures involving the 
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comparison of data from groups of individual animals will 
first have the equality of variance examined using the F test 
(two groups) or Levene’s test (multiple groups). When vari 
ances are not equal, log transformations are performed. When 
normally distributed Sample means are to be compared, the 
Student's t test (two groups) or the Newman-Keuls test (mul 
tiple groups) is used. When the data is not normally distrib 
uted, the Mann-Whitney Utest (two groups) or the Kruskal 
Wallis test (multiple groups) is used. Statistical significance is 
defined as P<0.05. 

Example 1 

CSA-4-1BBL Augments Alloantigen-Driven 
Responses 

As discussed above, 4-1BBL plays an important role in the 
regulation of adaptive and innate immune responses. 4-1BBL 
serves as a costimulatory molecule for the activation of CD4" 
and CD8" T cells, NK cells, and DCs and inhibits the Sup 
pressive function of T cells. Therefore, this molecule can 
serve as a specific adjuvant for the generation of an effective 
tumor response for cancer therapy. 
The CSA-4-1BBL fusion protein forms tetramericfoligo 

meric structure due to the presence of the core streptavidin 
moiety, and is a soluble molecule. The immunostimulatory 
activity of CSA-4-1BBL on T cell responses was demon 
strated using allogeneic mixed lymphocytes reactions (MLR) 
as follows. 
C57BL/6 mice lymph node cells were used as responders 

against BALB/c irradiated splenocytes in the presence or 
absence of CSA-4-1BBL. Cultures were labeled with H 
thymidine for the last 18 hours of the culture period and 
proliferation was assessed. Cultures Supplemented with 
CSA-4-1BBL showed potent proliferative activity as com 
pared with controls (FIG. 8). 

Example 2 

CSA-4-1BBL Enhances T Cell Proliferation 

To assess the relative activity of the 4-1-BBL fusion protein 
to a monoclonal antibody against 4-1 BB, CD4" and CD8"T 
cells sorted by flow cytometry were polyclonally stimulated 
with a suboptimum concentration of anti-CD3 antibody in the 
presence of various amounts of 4-1BBL fusion protein and 
antibody in proliferation assays. The fusion protein had 
70-fold more activity on the proliferation of T cells than the 
antibody (FIG. 9). 

Because this antibody Ab has been shown to have potent 
activity in animal models of cancer immunotherapy, see, e.g., 
Melero et al., 1998, Cell Immunol. 190: 167-72; Melero et al., 
1997 Nat. Med. 3: 682-85, this data indicates that the CSA 
4-1BBL fusion protein will be a useful component of cancer 
vaccines, both as an adjuvant and as a vehicle to deliver TAAS 
to DCS. 

Example 3 

Effect of A Biotinylated OVA/CSA-4-1-BBL 
Conjugate on CD8" T Cells 

Ovalbumin peptide (OVA) was biotinylated using a com 
mercially available kit (Pierce Biotechnology, Rockford, Ill.). 
Biotinylated OVA was premixed in vitro with CSA-4-1BBL 
fusion protein for conjugation at various ratios and injected 
intraperitoneally into naive C57BL/6.SJL animals adoptively 
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transferred with one million OT-1 T cells. Specifically, one 
million OT-I CD8 T cells were labeled with CFSE and trans 
ferred into B6.SJL mice that were immunized with biotiny 
lated ovalbumin (10 ug/injection) (“OVA) and CSA-4- 
1BBL (1 lug/injection) mixed with biotinylated OVA 
(“41BBL+OVA') or conjugated OVA-biotin/CSA-4-1BBL 
(“41BBL-OVA). (FIG. 10) The last panel of FIG. 10 
(“41BBL-OVA*) shows the response for 5 lug of CSA-4- 
1BBL conjugated to 10 ug biotinylated OVA. For controls, 
core streptavidin (“SA) was used at equimolar level as CSA 
4-1BBL. 
As shown in FIG. 10, 4-1BBL/OVA conjugates generated 

a potent (73.5%) proliferative response in OT-1 cells as com 
pared with control “SA/OVA' conjugates (33.6%) or uncon 
jugated, single proteins, “41BBL+OVA' (35.5%). The pro 
liferative response was dose-dependent since a 5ug dose of 
CSA-4-1BBL generated a much better response (94.5%) than 
a 1 lug dose (73.5%). 

This example shows that the CSA-4-1BBL fusion protein 
increased the proliferative response of antigen-specific CD8" 
T cells, indicating that the 4-1BBL-CSA/biotinylated antigen 
construct can Successfully deliver antigen to professional 
APCs and activate these cells for the generation of an effec 
tive immune response. 

Example 4 

CSA-4-1BBL Delivers Antigens to DCs 

This example demonstrates that CSA-41 BBL effectively 
delivers antigen to DC. Biotinylated PE was used as a fluo 
rescent antigen. Biotinylated PE (250 ng) was conjugated 
with 250ng CSA-41 BBL on ice for 30 min. Jaws II Dendritic 
cells (5x10/well) were cultured for 16 hours with biotiny 
lated PE (250 ng/ml) or biotinylated PE/CSA-41 BBL conju 
gate. The level of PE was detected using flow cytometry. FIG. 
11A is a histogram showing the PE+ cells. The gray filled area 
represents untreated cells, the black dashed line represents 
cells treated with biotinylated PE, and the black line repre 
sents cells treated with biotinylated PE/CSA-41 BBL conju 
gate. FIG. 11B shows the mean fluorescence intensity (MFI) 
of PE for each treatment, and demonstrates that the conju 
gate-treated cells exhibited a significantly greater response. 

Example 5 

CSA-4-1BBL Activates DCs 

This example demonstrates that 4-1BBL activates den 
dritic cells. Jaws II Dendritic cells (5x10/well) were 
untreated or treated with 5ug/ml CSA-41 BBL conjugate or 
5ug/ml lipopolysaccharide (LPS) in the presence of 5 ng/ml 
GM-CSF for 48 hours in 24-well plates. CD86 and MHC 
class II levels were analyzed using flow cytometry, as show in 
FIG. 12A. The light gray filled area represents isotype treated 
cells, the dark gray filled are represents untreated cells, the 
black line represents CSA-4-1BBL treated cells, and the 
dashed line represents LPS treated cells. FIG. 12B shows the 
mean fluorescence intensity (MFI) of CD86 and MHC class 
II, and demonstrates that the CSA-4-1BBL treated cells 
exhibited a significantly greater response. 

Example 6 

CSA-4-1BBL Delivers Antigens to DCs and 
Activates DCs. In Vivo 

This example demonstrates that CSA-4-1BBL delivers 
biotinylated antigens to dendritic cells and drive these cells to 
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activation in vivo. Biotinylated OVA was contacted with 
CSA-41 BBL to yield a biotinylated OVA/CSA-4-1BBL con 
jugate. That conjugate or a biotinylated OVA/CSA conjugate 
was injected intravenously into naive C57BL/6 mice. 24 
hours later, animals were euthanized and spleen cells were 
harvested. Dendritic cell activation was analyzed using flow 
cytometry in CD11c-- cell populations. The mean florescence 
intensity (MFI) of CD40, CD86 and MHC class II expression 
on dendritic cells from naive, biotinylated OVA-SA treated, 
and biotinylated OVA/CSA-41-BBL treated animals were 
determined, as shown in FIG. 13. This figure demonstrates 
that the biotinylated OVA/CSA-41-BBL treated animals 
exhibited a significantly greater response. 

Example 7 

CSA-4-1BBL Neutralizes the Suppressive Function 
of Treg Cells 

As discussed above, naturally occurring CD4"CD25 
FoxP3 Treg cells constitutively express the 4-1 BB receptor 
and, as such, respond to 4-1BBL stimulation. The following 
example demonstrates the stimulatory activity of the 4-1BBL 
fusion protein on Treg cells. 
CD4" CD25 Teff cells and CD4"CD25 Treg cells were 

isolated using flow sorting, cultured in a 1:1 ratio in the 
presence of irradiated Syngeneic cells and anti-CD3 antibody. 
To differentiate between the proliferation of CD4"CD25" 
(DP) versus CD4"CD25 (SP) T cells in co-culture experi 
ments, CD4"CD25 T cells were stained with carboxyfluo 
rescein diacetate succinimidylester (CFSE, Molecular 
Probes, OR) and used in suppression assays. Briefly, cells 
were washed with PBS, incubated in 4 ml of 2.5uM CFSE/ 
1x10° cells (ratio was kept when lower amount of cells were 
labeled) for 7 min at room temperature. Cells were then 
incubated in two volumes offetal bovine serum for 1 min, and 
washed 2 times with PBS to ensure removal of all excess 
CFSE. Proliferation was assessed using flow cytometry. 

Treg cells did not respond to anti-CD3 stimulation as they 
are anergic, but showed moderate proliferation in response to 
4-1BBL (FIG. 15). Notably, Treg cells inhibited the prolif 
erative response of Teff cells, an effect that could be reversed 
by the addition of 4-1BBL. This is consistent with data using 
naive Treg cells, where the suppressive effect of expanded 
cells was neutralized by the presence of CSA-4-1BBL (see 
below). 

These data confirm the immunomodulatory effects of 
4-1BBL, and its utility for cancer immunotherapy. For 
example, the 4-1BBL fusion protein boosts Teff functions 
while downregulating the inhibitory function of Treg cells for 
a more robust anti-tumor immune response. 

Example 8 

Dual Role of 4-1BBL 

The role of 4-1BB/4-1BBL-mediated signaling in the regu 
lation of Treg function has been the subject of two recent 
studies with opposing findings. While one study demon 
strated that 4-1BB signaling neutralizes the Suppressive func 
tion of Treg cells, Choi et al., 2004, J. Leukoc. Biol. 75: 
785-91, the other reported that 4-1BB signaling mediates 
Treg proliferation without a major effect on their suppressive 
function, Zheng et al., 2004, J. Immonul. 173: 2428-34. To 
clarify this discrepancy, the role of 4-1BB signaling in Treg 
function was investigated using a CSA-4-1BBL fusion pro 
tein. 
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CD4"CD25 (single positive; SP) and CD4"CD25" 
(double positive; DP) T cells were sorted from the spleen and 
peripheral lymph nodes of naive BALB/c mice and cultured 
alone or at 1:1 ratio for 3 days. Cultures were supplemented 
with irradiated splenocytes, an anti-CD3 antibody (0.5 
ug/ml), and the concentrations (ug/ml) of 4-1BBL or equimo 
lar amounts of control CSA protein indicated in FIG. 14A. 
CD4"CD25" double positive (DP) T cells purified from naive 
BALB/c mice using flow sorting markedly inhibited the pro 
liferative response of single positive (SP) CD4"CD25 Teff 
cells induced by an antibody against CD3 in co-culture 
experiments. This suppressive effect was effectively and spe 
cifically reversed by Supplementing cultures with 1 lug/ml 
CSA-4-1BBL, but not control CSA used at an equimolar 
level. 
To test whether the observed reversal of suppression by the 

CSA-4-1BBL fusion protein is due to the restoration of the 
proliferative response of SP cells, SP cells were labeled with 
CFSE and used in co-culture experiments in the presence of 
CSA-4-1BBL (0.5 g/ml) or CSA as a control protein. The 
CSA-4-1BBL increased the proliferation of SP cells from 
44% for control and 46% for CSA protein to 60%. DP cells 
significantly reduced the proliferation of SPT cells (16%), 
which was significantly restored (34%) by 4-1BBL, but not 
CSA control protein (17%). (FIG. 14B) These data demon 
strate that the 4-1BBL fusion protein down-regulates the Sup 
pressive function of Treg cells. 

Thus, our work shows that the CSA-4-1BBL fusion protein 
manifested two opposing activities on Treg cells. One the one 
hand, it synergized with anti-CD3 antibodies and IL-2 to 
promote Treg cell expansion. On the other hand, it blocked 
the suppressive function of both naive and activated Treg 
cells, but only when the Treg cells were in contact with the 
4-1BBL fusion protein, since its removal from the culture 
medium resulted in recovery of the Suppressive function. 

This latter effect of 4-1BBL may have some significance in 
the context of tumors and infections that use Treg cells as 
immune evasion mechanisms. 

Example 9 

Use of Antigen-4-1-BBL Conjugate as Cancer 
Vaccine 

(a) Production of A20 Transfectants Expressing OVA as a 
Soluble Protein. 
The OVA construct described above are transfected into 

A20 cells using LipofectamineTM 2000 kit according to the 
manufacturers (Invitrogen) protocol. Stable transfectants are 
selected in G418 selection medium, cloned at single cell 
level, and tested for the expression of OVA using Western 
blots. Clones with significant level of OVA expression are as 
stimulators for DO11.10 CD4" T cells specific for OVA pep 
tide in CFSE proliferation assays as described with reference 
to FIG. 10 above. Once confirmed positive for OVA expres 
sion, one million live A20 cells are injected subcutaneously 
into the right flank of BALB/c mice. Animals are monitored 
for tumor development and survival every other day, and 
euthanized when tumors reach a size of 20 mm in diameter. 
Animals inoculated with the parental A20 cells will serve as 
control for tumor growth. A20 cell transfectants expressing 
OVA will form tumors when injected into syngeneic BALB/c 

1CC. 

(b) Production of CSA-4-1BBL Fusion Protein Using Insect 
DES System. 
A CSA-4-1BBL protein is made using the DES expression 

system (Invitrogen) and our established protocols. See, e.g., 
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Singh et al., 2003, Cancer Res. 63: 4067-73; Yolcu et al., 
2002, Immunity 17: 795-808. The fusion protein is purified 
using immobilized metal based affinity chromatography tak 
ing advantage of the 6xHis tag engineered into the CSA-4- 
1BBL fusion protein. The protein is desalted, concentrated by 
ultrafiltration, and analyzed by SDS-PAGE for purity. Protein 
preparations are assessed for concentration using the bicin 
choninic acid (BCA) assay (Pierce) and tested for the pres 
ence of endotoxin using QCL-1000(R) Chromogenic LAL 
endpoint assay from Cambrex. 
(c) Biotinylation of OVA 
Maleimide activated, endotoxin-free, chicken OVA 

(Pierce) is biotinylated using the DSB-X Biotin Labeling Kit 
according to the manufacturers (Molecular Probes, San 
Diego, Calif.) protocol. Following extensive dialysis in PBS, 
biotinylated OVA is assessed for concentration, endotoxin 
level, and biotinylation using Western blot and alkaline phos 
phatase conjugated Streptavidin for probing. If necessary, 
endotoxin will is removed using Detoxi-Gel Endotoxin 
Removing kit (Pierce). Biotinylated OVA is conjugated with 
the CSA-4-1BBL fusion protein. The protein conjugate is 
aliquoted and frozen at -80° C. until use. 
(d) Use of Biotinylated OVA/CSA-4-1-BBL Conjugate as 
Cancer Vaccine 
CSA-4-1BBL and biotinylated OVA are premixed in PBS 

at various molar ratios, such as 1:1, 1:5, 1:10, 5:1, and 10:1 
4-1BBL:OVA, and injected intraperitoneally into a group of 
BALB/c mice at various doses (such as 10, 50, and 100 ug of 
OVA) at three weekly intervals. Animals injected with 
streptavidin conjugated to biotinylated OVA, biotiny layed 
OVA alone, or unbiotinylated OVA mixed with CSA-4-1BBL 
will serve as controls. 

Animals are challenged subcutaneously with 1 million live 
A20 tumor cells in the right flank, monitored for tumor devel 
opment and Survival every other day, and euthanized when 
tumors reach a size of 20 mm in diameter. 

Vaccination with the biotinylated OVA/CSA-4-1-BBL 
conjugate will generate a potent anti-tumor immune 
response, leading to the prevention of tumor growth. Vacci 
nation with unconjugated 4-1BBL and OVA may also gener 
ate a response, but any such response will be smaller than that 
generated by the antigen/4-1-BBL conjugate. Vaccination 
with OVA alone or CSA-OVA may only produce minimal 
responses, and as Such should be ineffective in preventing 
tumor growth. 

Example 10 

Early/Late Vaccination with Antigen-4-1-BBL 
Conjugate 

As discussed above, tumors evade the immune system by 
various mechanisms developed over the course of tumor 
growth. The efficacy of the conjugates of the present inven 
tion early in tumor progression is demonstrated by vaccinat 
ing animals concurrently with tumor challenge, when 
immune evasion mechanisms have not been established. The 
efficacy of the conjugates of the present invention against 
established tumors is demonstrated by vaccinating animals 
once tumors have been established, and have fully developed 
immune evasion mechanisms. 
(a) Efficacy Early in Tumor Progression 
BALB/c mice are challenged with one million live A20 

cells on the right flank and simultaneously vaccinated intra 
peritoneally with biotinylated OVA/CSA-4-1BBL conjugate. 
Vaccination with the antigen/4-1BBL conjugate is repeated 
once a week for four weeks, by which time the tumor in 
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control animals will reach a size of 10-15 mm in diameter. 
Unmanipulated animals and animals vaccinated with CSA 
OVA conjugates will serve as controls. 
(b) Efficacy Against Established Tumors 
BALB/c mice are inoculated subcutaneously in the right 

flank with 1 million live A20 tumor cells. Animals are moni 
tored for tumor development and vaccinated with biotiny 
lated OVA/CSA-4-1BBL conjugate when tumors reach a size 
of 4-6 mm in diameter. The vaccination protocol will initially 
involve weekly intraperitoneal injections until the tumor 
either disappears or reaches a size of 20 mm in diameter. 

Animals that effectively eradicate their tumors will be 
challenged with 2 million live A20 cells 60 days after tumor 
disappearance to test the memory response. 

While not wanting to be bound by any theory, the antigen/ 
4-1BBL conjugate of the invention may have greater efficacy 
in preventing the growth of tumor when administered early in 
tumor progression, as compared with administration once 
tumors are established, due to the lack of various Suppressive 
mechanisms early in the course of tumor progression. Nev 
ertheless, the antigen/4-1BBL conjugate will show efficacy in 
eradicating established tumors due to the specific targeting of 
antigento DCs for efficient antigen presentation, activation of 
DCs for the generation of a danger signal (adjuvant effect), 
and downregulation of Treg cells Suppressive functions. In 
addition to the indirect effect on DCs, repeated injection with 
the vaccine may further boost the immune system by engag 
ing 4-1BB receptor on activated T and NK cells, leading to 
their vigorous proliferation, Survival, and memory T cell 
function. 

Example 11 

Efficacy of Antigen-4-1-BBL Conjugate by 
Bystander Effect 

The following example will demonstrate that the biotiny 
lated OVA/CSA-4-1BBL conjugate generates an immune 
responses against undefined A20 tumor antigens (other than 
OVA), either by bystander effect or epitope spreading. 
BALB/c animals are inoculated with A20 expressing OVA 

in the right flank and parental unmodified A20 cells in the left 
flank. Once tumors are palpable, animals are vaccinated with 
the biotinylated OVA/CSA-4-1BBL conjugate. The vaccina 
tion schedule outlined above is followed, but may be modified 
as needed to enhance efficacy. Animals are monitored for the 
growth of both tumor types. 

Alternatively, animals having Successfully eradicated their 
tumor following vaccination with biotinylated OVA/CSA-4- 
1BBL conjugate (Such as in the example above) are chal 
lenged subcutaneously with 2 million parental A20 cells on 
the opposite flank 60 days after the eradication of A20 tumors 
expressing OVA. 
The biotinylated OVA/CSA-4-1BBL conjugate vaccine 

will show efficacy against parental A20 tumors that lack OVA 
as a TAA. For example, an effective immune response against 
OVA will lead to the killing of the tumor, shedding of tumor 
antigens, and capture and presentation by APCs for the gen 
eration of T cell responses against a new set of TAAS. The 
eradication of parental tumors may further be facilitated by 
bystander effects generated against A20-OVA tumors. 

Example 12 

Production of Biotinylated Antigen Using Bacterial 
Expression System 

In Some circumstances, it may be advantageous to produce 
genetically biotinylated antigens for used as the antigenic 
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component of the vaccine of the present invention. The Biotin 
AviTag technology of Avidity, Inc. (Denver, Colo.) may be 
used in this regard. The Biotin AviTag is comprised of a 
unique 15 amino acid peptide that is recognized by biotin 
ligase, BirA, that attaches biotin to the lysine residue in the 
peptide sequence. The Biotin AviTag can be genetically fused 
to any protein of interest, allowing the protein to be tagged 
with a biotin molecule. 
cDNA encoding OVA is subcloned into the p AN and pAC 

vector to express N-terminal as well as C-terminal AviTag 
protein fusions, respectively. AVB100 E. coli B strain with a 
birA gene stably integrated into the chromosome is trans 
formed and induced with L-arabinose for high level of 
expression of OVA carrying a biotin tag. The expressed pro 
teins are purified using an AviTag antibody agarose. Purified 
OVA is assessed for concentration, endotoxin level, and bioti 
nylation using BCA kit, QCL-1000R) Chromogenic LAL kit, 
and Western blots probed with alkaline phosphatase conju 
gated Streptavidin. If necessary, endotoxin is removed using 
Detoxi-Gel Endotoxin Removing kit (Pierce). 

Biotinylated OVA is conjugated with CSA-4-1BBL as 
described above. The protein conjugate is aliquoted and fro 
Zen at -80° C. until use. 

Example 13 

Use of Antigen/4-1BBL Conjugates Comprising 
TERT or Survivin 

The biotinylated antigen/CSA-4-1BBL conjugate exem 
plified above with biotinylated OVA/CSA-4-1BBL can be 
used in any vaccine setting with any antigen. In the context of 
cancer vaccines, two universal human TAAS, telomerase 
reverse transcriptase and Survivin, may be advantageous anti 
genic components of a biotinylated antigen/CSA-4-1BBL 
conjugate of the present invention. 

Example 14 

E7/4-1BBL Conjugates 

As discussed above, a conjugate of the present invention 
comprising the human papillomavirus E7 antigen as the anti 
gen component is useful against cervical cancer. This 
example relates to this specific embodiment of the invention. 
(a) Production of Biotinylated HPV-16 E7 

Biotinylated E7 is used as the antigenic component of a 
conjugate according to the present invention useful as an 
HPV vaccine. In one embodiment, full-length E7 protein is to 
provide a maximum number of epitopes. A cDNA encoding 
full-length HPV-16 E7 is cloned by RT-PCR using total RNA 
from TC-1 cells. After sequence verification, the cDNA is 
subcloned into the pMIB/V5-His vector (Invitrogen) in frame 
with the 6x-His tag for constitutive expression and secretion 
in the DES system. Secreted protein is purified using a metal 
affinity resinas described above. Purified E7 is biotinylated in 
vitro using EZ-Link Sulfo-NHS-LC-Biotin following the 
manufacturer's protocol (Pierce). Briefly, purified, concen 
trated E7 is buffer-exchanged in phosphate buffered saline 
(PBS) and incubated with EZ-Link Sulfo-NHS-LC-Biotin at 
room temperature for 1 hour. Unconjugated biotin is removed 
using tangential flow filtration (Spectrum Labs, NJ). 
(b) Production of E7/4-1BBL Conjugates 
A conjugate comprising E7 and 4-1BBL is produced using 

biotinylated E7 and a CSA-4-1BBL fusion protein, following 
the general procedures described above. For comparison, an 
E7/4-1BBL fusion protein is produced as follows. cDNA 
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encoding E7 and 4-1BBL is subcloned into the pMIB/V5-His 
vector (Invitrogen) in frame with the 6x-His tag for constitu 
tive expression and secretion in the DES system, and the 
protein is expressed and purified as described above. 
(c) Binding Activity of E7/4-1BBL Conjugate 
The biotin binding and 4-1BB receptor binding activity of 

the E7/4-1BBL conjugate is assessed as follows. 
For biotin binding, TC-1 cells are biotinylated and incu 

bated with CSA-4-1BBL (100 ng/10° cells) in PBS on ice. 
Cells are extensively washed with PBS, stained with a fluo 
rochrome-labeled antibody against 4-1BBL, and analyzed 
using flow cytometry. Biotinylated cells conjugated with 
CSA serve as controls. 
To test binding of the conjugate or fusion protein to 4-1 BB 

receptor on activated T cells, splenocytes from C57BL/B6 
mice are activated with 5ug/ml of concanavalin A (ConA) for 
36 hrs, washed with PBS and incubated with various concen 
trations of the conjugate or fusion protein on ice. Cells are 
washed extensively and stained with the appropriate fluoro 
chrome-labeled antibodies to 4-1BBL, core streptavidin, or 
E7, and analyzed in flow cytometry. 

Binding of CSA-4-1BBL conjugate to biotinylated E7 is 
determined by first forming conjugates using the proteins in a 
1:4 ratio (CSA-4-1BBL:E7), following the stoichiometry of 
CSA-biotin binding, and then testing the conjugates in a 
sandwich ELISA. Briefly, the conjugated proteins are bound 
to 96-well plates coated with anti-E7 antibody, washed, and 
then incubated with a reactive anti-streptavidin antibody to 
measure the amount of E7/4-1BBL complex present. After 
confirming formation of conjugates, they are assessed for the 
ability to bind to 4-1BB receptor on activated T cells as 
described above. 

Example 15 

Immune Responses Induced By E7/4-1BBL 
Conjugate 

(a) Optimization of Dose. 
Optimum doses of a vaccine comprising an E7/4-1-BBL 

conjugate may be assessed as follows. A conjugate compris 
ing biotinylated E7 and CSA-4-1BBL is formed by mixing 
biotinylated E7 and CSA-4-1BBL at two ratios (such as CSA 
4-1BBL:E7 of 1:4 and 1:8) using 1, 10 or 50 ug biotinylated 
E7. Comparable amounts of control unbiotinylated E7 also 
are used. (These doses of E7 are based on studies demonstrat 
ing that vaccination with 50 g of E7 is effective to generate 
a protective immune response against TC-1 cells.) Optimum 
ratios of 4-1BBL:E7 and optimum amounts of antigen can be 
determined and adjusted experimentally, by assessing 
immune responses to the vaccine under various protocols, 
such as those described below. 
(b) Tetramer Analysis 

Tetramer staining permits assessment of vaccine efficacy 
with regard to the expansion of CD8" T cells. C57BL/6 
female mice are injected intraperitoneally with the above 
described vaccine preparations in PBS. Mice injected with 
PBS, CSA-4-1BBL, CSA-4-1BBL+unbiotinylated E7, or 
E7-4-1BBL fusion protein serve as controls. A second 
equivalent dose is given intraperitoneally 10 days later, and 
three days after the last vaccination, splenocytes are harvested 
and the number of E7-specific CD8+ T cells are quantitated 
using tetramer technology and flow cytometry. Briefly, sple 
nocytes from immunized animals are labeled with FITC-anti 
CD8 antibody and PE-tetramers of MHC class I H-2D' mol 
ecules loaded with the immunodominant epitope of E7. 
peptide 49-57 (RAHYNIVTF). (The tetramer can be 
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obtained from the National Institutes of Health Tetramer 
Facility (Atlanta, Ga.)). Class IH-2D' molecules loaded with 
Sendai virus nucleoprotein 324-332 peptide (FAPGNYPAL) 
serves as a negative control. After staining, cells are analyzed 
by flow cytometry to quantify the percentage of CD8+ T cells 
positive for the tetramer. 
(c) Intracellular IFN-Y Analysis. 
The characterization of vaccine-induced CD8+ T cells for 

the expression of IFN-Y, a signature cytokine for effector 
CD8" T cells, permits assessment of the function of the T 
cells. Female C57BL/6 mice are injected intraperitoneally 
with an optimum dose of biotinylated E7/CSA-4-1BBL con 
jugate vaccine (determined as described above), and 10 days 
later splenocytes from immunized animals are harvested and 
cocultured with irradiated TC-1 cells expressing E7 for 5 
days, and then Supplemented with the Golgi transport inhibi 
tor brefeldinA overnight. Live cells are harvested using Ficoll 
gradients and incubated with anti-mouse Fcy receptor anti 
body (2.4G2 from American Type Culture Collection) for 1 
hour followed by staining with FITC-labeled anti-CD8 anti 
body. Cells are then fixed, permeabilized, stained for PE 
labeled anti-IFN-Y antibody (Pharmingen) and analyzed by 
flow cytometry. Cells stained with isotype antibodies serve as 
controls. Splenocytes from animals immunized with PBS, 
E7-4-1BBL fusion protein, or CSa-4-1BBL+unbiotinylated 
E7 serve as controls. 
(d) Killing Response 
The ability of vaccine-induced CD8" T cells to lyse TC-1 

cells expressing E7 molecule is assessed as follows. Spleno 
cytes harvested from animals vaccinated as described above 
are cocultured in the presence of 100 g/ml E7 protein for 5 
days. Cultures are supplemented with 50 U/ml exogenous 
IL-2 to support the growth of CD8+ T cells. Viable spleno 
cytes are recovered using Ficollgradients and used as effector 
cells against TC-1 target cells at various effector:target ratios 
(such as 1:1, 10:1, 20:1, 40:1, and 8.0:1) in the JAM assay. See, 
e.g., Singh et al., 2003, Cancer Res. 63: 4067-73. Because 
direct killing of tumor cells by CD8" T cells is important to 
cancer immunotherapy, demonstration of efficacy in this 
assay will further Support the efficacy of the vaccine against 
cervical cancer. 
(e) CD4+ T Cell Proliferation Response 
The efficacy of biotinylated E7/CSA-4-1BBL in the induc 

tion of a CD4+ T cell response is assessed as follows. Sple 
nocytes from immunized animals are labeled with CFSE and 
cocultured with recombinant E7 protein under the same cul 
ture conditions as described above, except that IL-2 is not be 
added to the cultures. Cells are harvested at various days 
during culturing, stained with an APC-CD4 antibody, and 
analyzed for proliferation using flow cytometry. Cultures 
without E7 protein or with OVA protein serve as controls. 
Because there is a general consensus that a CD4+ T cell 
response is important for CD8+ T cell and B cell responses, 
demonstration of efficacy in this assay will further support the 
efficacy of the vaccine against cervical cancer. 
(f) Humoral Response 
The ability of in vivo treatment with a biotinylated 

E7/CSA-4-1BBL vaccine to generate a humoral response is 
assessed as follows. Blood from vaccinated mice is collected, 
and serum is isolated and used to screen Maxisorb ELISA 
plates (Nalgene Nunc International) coated with E7 protein. 
Anti-E7 IgG and IgM is detected with horseradish peroxi 
dase-conjugated goat anti-mouse IgG and goat anti-mouse 
IgM antibodies. Controls include sera harvested from animals 
immunized with PBS and control proteins such as those 
described above. 
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The biotinylated E7/CSA-4-1BBL conjugate vaccine will 
generate potent responses in these assays. Vaccination with 
E7-4-1BBL fusion protein may also generate a response, but 
any such response is expected to be of Smaller magnitude. 
Vaccination with CSA-4-1BBL plus unbiotinylated E7 may 
produce a response, but any such response will not be as 
strong as that of the conjugate vaccine because the uptake of 
E7 antigen by APCs will be a random event, and not as 
efficient as the targeted delivery of E7 to APCs achieved by 
the conjugate. 

Example 16 

Therapeutic Efficacy of E7/4-1BBL Conjugate 

The efficacy of a vaccine comprising an E7/4-1BBL con 
jugate of the present invention in preventing and eradicating 
tumor formation in TC-1 transplantable tumor models is 
assessed in two different settings. The first setting involves 
vaccination prior to tumor injections, when the immune eva 
sion mechanisms have not yet developed. The second setting 
involves vaccination against established tumors with fully 
developed immune evasion mechanisms. C57BL/6 mice are 
injected with TC-1 cells to induce tumor formation, and vac 
cinated pre- and post-TC-1 injection with biotinylated 
E7/CSA-4-1BBL conjugate. Immune responses are assessed 
as described above. Mice also are monitored for tumor devel 
opment and Survival every other day, and euthanized when 
tumors reach a size of 20 mm in diameter. 
(a) Efficacy of E7/4-1BBL Conjugate Against Subsequent 
Tumor Challenge. 
The following example will demonstate that immunization 

with an E7/4-1BBL conjugate of the present invention gen 
erates protective immunity against a Subsequent tumor chal 
lenge. 

Female C57BL/6 mice are injected intraperitoneally with 
PBS alone, CSA-4-1BBL alone, CSA-4-1BBL mixed with 
unbiotinlyated E7, a biotinylated E7/CSA-4-1BBL conjugate 
of the invention, and a E-7-4-1BBL fusion protein. Doses 
optimized as described above are used. A second equivalent 
dose is given subcutaneously 14 days after the first dose. TC-1 
cells are harvested, resuspended in sterile PBS, and used for 
injection fourteen days after the last immunization. Mice are 
challenged subcutaneously in the right flank with 1x10TC-1 
cells (day 0) and observed for 60 days. As a control to verify 
the specificity of the conjugate for Er tumors, one set of 
immunized mice are challenged with A20 cancer cells. Mice 
are monitored for tumor development and survival every 
other day, and euthanized when tumors reach a size of 20 mm 
in diameter. Animals that do not develop tumors are re-chal 
lenged with 1x10' TC-1 cells 60 days after the first tumor 
challenge to test the memory response. At fourteen day inter 
vals, mice from each group are sacrificed and their spleno 
cytes are harvested. Splenocytes are used to determine CD8+ 
T cell responses using tetramer staining and cytokine staining 
as described above. 
(b) Efficacy of E7/4-1BBL Conjugate Against Existing 
Tumors 
The therapeutic effects of an E7/4-1BBL conjugate of the 

present invention against pre-existing tumors is demonstrated 
as follows. 

Female C57BL/6 mice are injected subcutaneously on the 
right flank with TC-1 cells and vaccinated when 100% of the 
mice have palpable tumors. Vaccines are administered doses 
optimized as described above intraperitoneally every week 
until the tumor size reaches 20 mm in diameter, at which time 
the mice are euthanized. The growth rate of the tumors and 
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morbidity is assessed for 60 days. In addition, long-term 
survival is assessed and followed over 90 days. 

Vaccination with a biotinylated E7/CSA-4-1BBL conju 
gate of the invention will generate a potent anti-tumor 
immune response in both settings, leading to the prevention of 
tumor growth and the eradication of existing tumors. Vacci 
nation with unconjugated CSA-4-1BBL and E7 and with the 
E7-4-1BBL fusion protein may also generate an anti-tumor 
response, but any such response will be minimal and likely 
ineffective in preventing tumor growth or eradicating existing 
tumors. 

Example 17 

Conjugates Comprising Influenza A Antigens 

cDNAs of influenza proteins of interest (e.g., H1, N1, NP 
and/or MP2) are generated by the reverse transcriptase-poly 
merase chain reaction from influenza A RNA. The cDNAs are 
subcloned into the pCSA vector, and transfected into Droso 
phila insect cells for the establishment of stable transfectants. 

Taking advantage of a 6x-His tag engineered into the pro 
teins, the secreted H1, N1, NP and MP2 proteins are purified 
from the Drosophila culture media using a metal affinity resin 
and tangential flow filtration (methods and techniques 
already employed by Apommune). Purified proteins are ana 
lyzed by gel electrophoresis, immunoblot techniques, matrix 
assisted laser desorption/ionization-mass spectrometry 
(MALDI-MS), and analytical ultracentrifugation. 
CSA-4-1BBL (made as described above) is mixed at a 

molar ratio of 1:4 with biotinylated H1, N1, NP or MP2 to 
form an Influenza A antigen/4-1BBL conjugate. Briefly, 
biotinylated H1, N1, NP or MP2 is incubated with CSA-4- 
1BBL for one hour at 4C. Unbiotinylated H1, N1, NP or MP2 
are incubated with CSA-4-1BBL to serve as unconjugated 
controls. The conjugates can beformulated into compositions 
useful as vaccines. 

Example 18 

Vaccination Against Influenza A 

(a) Dosing Optimization 
C57BL/6 mice are vaccinated with varying doses of the 

Influenza A antigen/4-1BBL conjugates described above. 
Immune responses in the mice are determined using standard 
immunological techniques including tetramer technology, 
cytokine staining, cytotoxity assays, and the measurement of 
humoral responses, as described above. Initial results are used 
to determine an optimal dosing regimen for the vaccines. 
(b) Vaccination with Infection Challenge 
The protective and therapeutic efficacy of the Influenza A 

antigen/4-1BBL conjugate vaccines is demonstrated in mice 
challenged with influenza A as follows. Human influenza 
virus-infected animals are treated with Influenza A antigen/ 
4-1BBL conjugate vaccines pre- and post-infection and viral 
titers are measured to determine the efficacy of treatment. 
Lungs from vaccinated and control infected animals are har 
vested days 1, 3, 5, 7, and 9 post-infection. Weight loss is 
determined daily as an indirect measurement of morbidity. 

In another series of experiments, lung pathology is evalu 
ated and pulmonary viral titers are determined. For this pur 
pose, lungs are homogenized and viral Supernatants are col 
lected following centrifugation of the homogenate at 1500xg 
for 15 min and frozen at -80° C. until subsequent analysis. 
Dilutions of viral supernatants from lungs are added to 3x10" 
MDCK cells/well in a 96-well U-bottom plate for 24 hours at 
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37°C., media is removed from wells and serum-free media is 
added. Four days later, virus titers are determined by using 
standard curve of known virus concentration and the Reed 
Munch calculation of TCID after identifying the dilution at 
which the culture Supernatants no longer agglutinate chicken 
red blood cells. 

Example 19 

Immune Co-Stimulatory CD40L Moiety 

The human monocytic leukemia THP-1 and mouse A20 
B-cell lymphoma lines used in this example were purchased 
from the American Type Culture Collection (ATCC, Rock 
ville, Md., USA). A20 cells were cultured in DMEM 
(GIBCO, Gaithersburg, Md., USA) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS; Valley Biomedical, 
Winchester, Va., USA), 12 mM L-glutamine, 100U/ml peni 
cillin, 100 ug/ml streptomycin (all from GIBCO) and 50 LM 
2-mercaptoethanol (Sigma, St. Louis, Mo., USA). THP-1 
cells were cultured in RPMI supplemented with 5% FBS, 100 
U/ml penicillin and 0.1 mM Hepes buffer (GIBCO) at 37° C. 
in a humidified 5% CO, incubator. Cells were grown in sus 
pension at 37° C. in 5% CO. 

The Chinese Hamster ovary (CHO) and stable mouse 
CD154 transfected CHO(CHO-mCD40L) lines used in this 
example were provided by Dr. Gail Bishop (University of 
Iowa) and were maintained in RPMI 1640 (GIBCO) contain 
ing 100 mM Hepes, 50 lug/ml gentamicin and 5% FBS. 

Primary monocytes isolated by counterflow elutriation 
from human peripheral blood mononuclear cells were a gift 
from Dr. Larry Wahl (NICDR). 

Immortalized macrophage cell lines from CD40 knockout 
mice (CD40KO cell line) were established by infecting bone 
marrow cells with the murine recombinant J2 retrovirus con 
taining the V-myc and V-raf oncogenes as previously 
described. See, e.g., Clemon-Miller et al., 2000, Immunobiol. 
2O2: 477-92. 

For the generation of stable human CD40 expressing trans 
fectants, the J2 transformed lines were electroporated with 10 
ug of DNA at 600 V, 20LL secs, and 2 pulses. Zeocin (100 
ug/ml) was added to the medium 24 hr after transfection and 
resistant colonies were stained for Surface expression of 
CD40. High CD40 expressing cells were sorted using the 
FACSVantage SE (Becton Dickinson, San Jose Calif., USA) 
and maintained for use in these studies. 
(a) Cloning and Expression of CSA-CD40L Moieties 
The gene encoding CSA was cloned using genomic DNA 

isolated from Streptomyces avidinii as a template and specific 
primers in PCR (a and b in FIG.16). The extracellular domain 
of human CD40L was cloned using the first strand cDNA 
generated from total RNA isolated from phytohaemaggluti 
nin (PHA) activated human peripheral blood lymphocytes as 
a template and CD40L-specific primers (c and din in FIG.16) 
in PCR. The murine CD40L was cloned in the same manner 
as CSA-hCD40L using total RNA isolated from mouse sple 
nocytes activated with concanavalin A (ConA). 
The CSA/CD40L gene was then subcloned in frame into 

the pMT/BiP/V5-His CuSO-inducible vector for expression 
into the Drosophila S2 expression system (DES: Invitrogen, 
San Diego, Calif., USA). Drosophila S2 cells were trans 
fected with 20 g of the recombinant vector using the Cal 
cium Phosphate Transfection kit according to the manufac 
turer's protocol (Invitrogen). Stable transfectants were 
established by cotransfection with 1 lug of pCoHygro vector 
and maintenance in the presence of 300 ug/ml hygromycin. 
The expression of recombinant proteins was achieved using 
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copper sulfate at a final concentration of 500 uM. Culture 
Supernatants were collected 3 days after the induction, pre 
cipitated with 40% ammonium persulfate, and dialyzed 
against PBS. 

Recombinant proteins were purified using a modified 
metal-ion affinity chromatography method as previously 
described. See, e.g., Lehr et al., 2000, Protein Expression 
Purif., 19: 362-68. Briefly, culture supernatants or precipi 
tated proteins were passed through a Pharmacia XK 16 col 
umn packed with chelating Sepharose fast flow (Pharmacia 
Biotech, Upsala, Sweden) and the recombinant proteins were 
eluted with 50 mM imidazole. Protein concentration was 
determined using Bradford dye-binding method or ELISA 
(R&D Systems, Minneapolis, Minn., USA). 
(b) Characterization of CSA-CD40L Moieties by Western 
Blot and ELISA 
The expression of CSA-hCD40L was detected and quan 

tified using the Quantikine CD40L immunoassay, which uses 
polyclonal Abs specific for CD40L pre-coated onto a micro 
plate as described by manufacturer's instructions (R&D Sys 
tems). For Western blot analysis, supernatants of CSA 
hCD40L and CSA-mCD40L were first fractionated by 
Sodium dodecyl Sulfate-polyacrylamide gel electrophoresis 
under native and denaturing conditions and then transferred 
onto polyvinylidene difluoride membranes using a semidry 
blot apparatus (BioRad, Hercules, Calif., USA). Membranes 
were first incubated in blocking buffer and then in goat anti 
SA Ab (Pierce, Rockford, Ill., USA) at 1:1000 dilution in the 
blocking buffer for 1 hour at room temperature. Membranes 
were then washed extensively and incubated with horseradish 
peroxidase-conjugated antigoat antibody at 1:4000 dilutions 
for 1 hour. Finally, the proteins were detected using a chemi 
luminescent Substrate according to the manufacturers 
instructions (ECL, Amersham Biosciences, UK). 

Transfectants expressed high levels of CSA-CD40L, moi 
eties that formed stable tetramers and higher order structures 
under nondenaturing PAGE conditions. Dissociation into 
monomers occurred only under denaturing conditions fol 
lowing heating at 100° C., but not 60°C. These data demon 
strate that CD40L polypeptides of the immune co-stimulatory 
moieties do not interfere with the expression, proper folding, 
and existence of CSA as oligomers. 
(c) Receptor Binding and Activation Assays 
One million CD40 positive mouse A20 B cell lymphoma or 

human macrophage THP-1 cells were incubated with 200 
ng/ml of CSA-CD40L (human or mouse) moieties or control 
CSA protein at 4°C. for 30 min. After several washes with 
PBS, the bound proteins were detected using FITC conju 
gated anti-streptavidin antibody (Vector Laboratories, Burl 
ingame, Calif., USA) in flow cytometry. CSA was used as a 
negative control to detect nonspecific binding. The effect of 
stimulation with CSA-CD40L on the expression of CD80 and 
MHC class II molecules was determined by culturing 0.5x10° 
THP-1 cells with 100 ng/ml of CSA-hCD40L or CSA or 
coculturing with 0.5x10 CHO cells transfected with the 
membrane form of CD40L for 48 hours. Cells were then 
washed and stained with saturating concentrations of FITC 
conjugated anti-CD80 (L307.4) and HLA class II (TU36) 
antibodies (BD-PharMingen, San Diego, Calif., USA) and 
analyzed by flow cytometry. 
CSA-mCD40L bound to both human and murine CD40 

receptors (FIGS. 17A & B, dark line), as determined by flow 
cytometry and shown in FIG. 17. In contrast, CSA-hCD40L 
interacted only with its receptor on human cells, with minimal 
to undetectable binding to murine cells (FIGS. 17C & D, dark 
line), demonstrating its species specificity. These interactions 
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were CD40-specific since there was no detectable binding 
when CSA used as a control protein (FIG. 17, grey filled 
areas). 
The upregulated expression of both MHC class II and 

CD80 molecules was detected on the surface of THP-1 cells 
using antibodies to HLA class II (FIG. 18A) and CD80 (FIG. 
18B) molecules in flow cytometry at all CSA-hCD40L pro 
tein concentrations tested, with maximum upregulation 
achieved at 100 ng protein/5x10 cells after 48 hours of 
stimulation. CSA-hCD40L (thin solid lines) was more effec 
tive than the membrane bound form of CD40L expressed on 
CHO cells (thick solid line) in upregulating HLA class II 
molecules (MFI of 55.8 versus 35.5). In contrast, the upregu 
lation of CD80 by both forms of CD40L was almost compa 
rable (MFI of 33.6 versus 36.2). The upregulated expression 
was specific to CSA-hCD40L since incubation with CSA 
protein (Solid histograms) did not significantly affect the 
expression of CD80 and HLA class II molecules over back 
ground levels. 
(d) Preparation of Bone Marrow-Derived DCs 
Bone marrow was flushed from the femurs of 6- to 8-week 

old mice, dispersed into single cells by pipetting, and red 
blood cells were lysed with ammonium chloride potassium 
(ACK) Solution. The single cell Suspensions were then 
depleted for T and B cells using a cocktail of TIB 105, TIB 
146 and clone RL-172 hybridoma cell culture saturated 
Supernatants for 30 minutes on ice. (Culture Supernatants 
were a gift of Dr. Tatiana Zorina, University of Pittsburgh, 
Pa.). Cells were incubated with rabbit complement for 30 
minutes at 37° C. and cultured overnight (37°C., 5% CO2) in 
complete medium (RPMI 1640, 2 mM L-glutamine, 100 
ug/ml penicillin and streptomycin, 10% FBS, 0.1 mM non 
essential amino acids, 1 mM Sodium pyruvate, 1 lug/ml 
indomethacine and 50 uMN-methyl-L-arginine) (Sigma) in 
six-well plates at a concentration of 10° cells/ml. Non-adher 
ent cells were collected by gentle pipetting, counted, and 
resuspended at a concentration of 10 cells/ml in complete 
medium Supplemented with recombinant murine granulo 
cyte-macrophage colony-stimulating factor (5 ng/ml) and 
rmIL-4 (5 ng/ml) (All from US Biological, Swampscott, 
Mass., USA). Cells were cultured in six-well plates (4 
ml/well) for 5 days. 
On the fifth day, DCs present in the culture were typed for 

the expression of cell surface MHC and costimulatory mol 
ecules and incubated with varying concentrations (0.1-0.5 
ug/10° cells) of CA-mCD40L, medium alone, or CSA. Cells 
were harvested on various days and analyzed for the expres 
sion of maturation markers using PE-labeled monoclonal 
antibody (HL3) against CD11c and FITC labeled mAbs to 
CD80 (16-10A1) and CD86 (GL1) (all from PharMingen). 
The immature dendritic cells from day 5 murine bone 

marrow cultures that were incubated with various concentra 
tions of mouse CSA-CD40L (0.1-0.5 g/10° cells) for 48 
hours showed increased expression of both CD80 and CD86 
costimulatory molecules (FIGS. 19A & B), with the effect on 
the upregulation of CD80 expression greater than that for 
CD86 (3 versus 2 fold) at 0.2ug protein concentration per 10 
cells. Higher concentrations of CSA-CD40L fusion proteins 
or longer incubation periods did not result in further upregu 
lation (data not shown). This effect was specific to the 
immune co-stimulatory moiety because cells incubated with 
CSA protein had minimal to undetectable changes in the 
expression of costimulatory molecules over background lev 
els. 
(e) Analysis of Pro-Inflammatory Cytokine Production 
Human monocytes were plated in 96-well microtiter plates 

and stimulated using 1 ug/ml of a commercially available 
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trimeric recombinant human CD40L (rhsCD40L)+1 ug/ml 
enhancer (Alexis Biochemicals, San Diego, Calif., USA) and 
100 ng/ml of CSA-hCD40L, CSA-mCD40L, or CSA. Super 
natants were harvested after 18 hours of incubation and 
assayed by ELISA using the OptEIATM sets for all cytokines 
(PharMingen). Analysis was performed using E-max Preci 
sion microplate reader (Molecular Devices, Sunnyvale, 
Calif., USA). 

Ligation of human monocytes with CSA-hCD40L resulted 
in a 5-fold stimulation of human IL-10 production above CSA 
alone, which is equivalent to the levels induced by rhsCD40L 
(FIGS. 20A&B). Similarly, stimulation of human monocytes 
with CSA-mCD40L resulted in a robust stimulation of human 
IL-6 (FIGS.20C&D). Thus, human and murine CSA-CD40L 
fusion proteins are both capable of stimulating CD40 on 
human monocytes to produce IL-1B and IL-6. 
(f) RNAse Protection Assay 

Analysis of cytokine mRNA synthesis was performed by 
RNAse protection assay. Cells were plated in a 6-well plate 
and stimulated via CD40 using CSA-CD40L, moieties for 3 to 
4 hours. CHO transfectants expressing CD40L and 
rhsCD40L with enhancer were used as controls. RNA was 
extracted using Trizol as described by manufacturers 
instructions (Invitrogen). RNA (5ug) was hybridized with a 
radiolabeled probe generated from the human cytokine/RNA 
template set, mCK-3b (RiboGuant, BD-PharMingen, San 
Diego, Calif., USA), at 55° C. overnight. RNAse treatment 
was carried out at 37°C. for 45 minutes, following which the 
protected probe was purified and resolved by electrophoresis 
using a 5% polyacrylamide gel (BioRad) in TBE buffer. The 
gel was dried and exposed to Kodak Biomax XL X-ray film 
(Eastman Kodak, Rochester, N.Y., USA). With the undi 
gested probe as markers, a standard curve was plotted as 
migration distances versus nucleotide length on semi log 
paper. The identity of the RNAse-protected bands in the 
samples was then extrapolated from the graph. 
A shown in FIG. 20D, stimulation with CSA-hCD40L 

resulted in a 2.8-fold increase in IL-6 mRNA over CSA alone. 
Taken together, these data indicate that both human and 
murine CSA-CD40Ls are capable of inducing CD40 signal 
ing in monocytes and macrophages. 
(g) CSA-hCD40L Stimulates iNOS Production in IFN-y 
Primed Macrophages 
CD40 ligation of IFN-Y primed macrophages results in the 

stimulation of nitric oxide production, which plays a critical 
role in the microbicidal and cytotoxic activities of macroph 
ages. Inducible nitric oxide synthase (iNOS) belongs to a 
family of nitric oxide synthases that catalyze the synthesis of 
nitric oxide from L-arginine. Th1 and Th2 T helper cells can 
differentially regulate arginine metabolism in macrophages. 
Th1 cells induce iNOS production by macrophages while 
Th2 cells induce macrophages to produce arginase which is 
associated with anti-inflammatory function. Thus, macroph 
age iNOS production is a hallmark of a Th1 type of immune 
response. 
The ability of CSA-CD40L moieties to stimulate iNOS 

production in murine macrophages was demonstrated as fol 
lows. CD40KO-human CD40 cells were primed for 24 hours 
with IFN-Y and subsequently stimulated with CSA-hCD40L, 
rhsCD40L, or CSA alone for 24 h. Cell lysates were normal 
ized and analyzed by Western blot using anti-iNOS Ab. As 
demonstrated in FIG. 21, stimulation of macrophages with 
CSA-hCD40L or rhsCD40L, but not CSA, resulted in the 
stimulation of iNOS production. Stimulation with 1 g/ml of 
commercial rhsCD40L resulted in a 6-fold stimulation of 
iNOS above background, while stimulation with 300 ng/ml of 
CSA-hCD4OL resulted in a 9-fold stimulation of iNOS above 



US 9,079,976 B2 
53 

CSA alone. These data indicate that CSA-hCD40L is a potent 
stimulator of macrophage iNOS production. 

Example 20 

In Vivo Killing Response Induced by CSA-4-1BBL 

Naive C57BL/6 mice were immunized intravenously with 
50 Lugovalbumin (OVA) as the antigen, and two doses (12.5ug 
and 25 ug, respectively) of CSA-4-1BBL or LPS as an adju 
vant. Naive animals were used as a control. 

Seven days later, all mice received CFSE labeled target 
cells., which were prepared as follows. Splenocytes from 
naive C57BL/6 mice were divided into two populations. The 
first population was labeled with 0.25 uM CFSE (CFSE'") 
and the second population was labeled with 2.5uMCFSE and 
then pulsed with 2 ug/ml OVAs, peptide (SIINFEKL) for 
1 hour (CFSE"). Cells were mixed at a ratio of 1:1 ada total 
of 1x10 cells were injected intravenously into recipient ani 
mals. Spleens were harvested 48 hours later, and CSFE fluo 
rescence intensity was analyzed by flow cytometry. Results 
are shown in FIG. 22, expressed as the percentage lysis of the 
peptide-pulsed CFSE" peak as compared to the reference 
CFSE" peak, normalized to naive animals. As shown in 
FIG. 22, immunization with OVA and CSA-4-1BBL gener 
ated a potent in vivo killing response in target cells, and 
CSA-4-1BBL demonstrated a stronger adjuvant effect than 
LPS at both concentrations tested. 

Example 21 

Costimulation with 4-1BBL Greatly Enhanced the 
Immune Response to HPV 16 E7 Protein in Mice, 
Controlled TC-1 Tumors, and Induced Anti-Tumor 

Memory 

Naive B6 mice were challenged subcutaneously in the 
right flank with 1x10 live TC-1 cells which stably express the 
human papillomavirus-16 E7 protein, in a vaccination proto 
col based on the administration of the CD8+ T cell epitope of 
the HPV 16 E7 epitope P1 (having the amino acid sequence 
RAHYNIVTF). FIG. 23 shows survival of mice in this TC-1 
tumor model. After 10 days, mice received one subcutaneous 
injection of either (i) PBS (0, n=20); (ii) 50 ug P1+12.5ug 
CSA (n-6) (iii) 25ug CSA-4-1BBL (A. n=10); (iv) 50 ug 
P1 +25 ug CSA-4-1BBL (A. n=13), or (v) 50 ug P1+10 ug 
CpG (), n=7). 
As shown in FIG. 23, immunization with P1 or CSA-4- 

1BBL achieved some successful immunotherapy, but better 
results (including enhanced survival) were achieved by 
immunization with both P1 and CSA-4-1BBL. All animals 
receiving only PBS developed tumors. 
The surviving animals were rechallenged at day 60 (black 

arrow). Tumor growth was monitored 3 times a week. Admin 
istration of CSA-4-1BBL and P1 together after the tumor 
challenge significantly increased the Survival of animals com 
pared to P1 or CSA-4-1BBL alone, or P1 and CpG. Impor 
tantly, none of the surviving animals in the P1+CSA-4-1BBL 
group developed tumor upon secondary challenge, demon 
strating immunological memory. 

Example 22 

Vaccination with OVA/CSA-4-1BBL Prevents 
Tumor Growth 

Naive C57BL/6 mice were immunized with 50 ug OVA or 
50 ug biotinylated OVA conjugated to 25 ug CSA-4-1BBL. 
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Some animals were left untreated as controls. After 7 days, 
mice were challenged Subcutaneously in the right flank with 
1x10 OVA-expressing EG.7 tumor cells. Tumor growth was 
monitored three times a week using calipers. The results 
(tumor-free survival) are shown in FIG. 24. As shown, all 
control animals and animals vaccinated with OVA developed 
tumors, while all animals vaccinated with biotinylated OVA/ 
CSA-4-1BBL did not develop tumors, demonstrating that 
vaccination with biotinylated OVA/CSA-4-1BBL resulted in 
100% prevention of the growth of thyoma tumors. 

Example 23 

4-1BBL Strongly Enhances the Antigen-Specific 
CTL Response In Vivo 

Naive C57BL/6 mice were immunized intravenously with 
(i) 50 ug OVA, (ii) 50 ug OVA and 25 ug CSA-4-1BBL, (iii) 
50 ug OVA and 25uganti-CD137 antibody or (iv) 50 ug OVA 
and 25 ug LPS. Naive animals were used as control. Seven 
days later, all mice received CFSE labeled target cells. 
Briefly, splenocytes from naive C57BL/6 were divided into 
two population. The first population was labeled with 0.25 
uM CFSE (CFSElow). The second population was labeled 
with 2.5uMCFSE and then pulsed with 2 ug/ml OVAs 
SIINFEKL peptide for 1 hour (CFSEhi). Cells were mixed at 
a ratio of 1:1 and a total of 1x107 cells were injected intrave 
nously into recipient animals. Spleens were harvested 48 
hours later and CFSE fluorescence intensity was analyzed by 
flow cytometry, with the results shown in FIG. 25. The results 
are expressed on the corner of each panel as percentage lysis 
of the peptide pulsed CFSEhi peak as compared with the 
reference CFSElow peak normalized to naive animal. This 
assay revealed that 4-1BBL could enhance the antigen spe 
cific CTL response to higher levels (95%) compared to anti 
gen (OVA) alone (24.2%), or antigen and LPS (35%), result 
ing in killing of majority of target cells. 

Example 24 

4-1BBL Costimulation Increases Antigen 
Presentation to CD8+ T-Cells In vivo 

Naive (CD45.1+) animals were immunized intravenously 
with (i) 10 ug OVA, (ii) 10 ug OVA and 5 lug 4-1BBL, or (iii) 
left untreated. After 2 days, animals received 1x106 CFSE 
labeled OT-1 cells (CD45.2+) by intravenous injection. 
Spleen were harvested 3 days later and proliferation of OT-1 
cells were analyzed using flow cytometry, as shows in FIG. 
26. Administration of 4-1BBL together with the antigen 
increased the antigen presentation to CD8+ T cells as dem 
onstrated by proliferation of majority of OT-1 cells. (83.2% 
for OVA+4-1BBL: 13.7% for OVA; 8.8% for no treatment). 

Example 25 

4-1BBL Costimulation Increases Antigen Uptake by 
Dendritic Cells 

Naive BALB/c mice were injected subcutaneously with 25 
ug OVA-FITC, 25 ug OVA-FITC and 10 ug CSA, or 25 ug 
OVA-FITC and 25 ug CSA-4-1BBL. After 3 hours, inguinal 
lymph nodes at the site of injection were harvested. FITC+ 
cells in CD11c-- population was analyzed using flow cytom 
etry to determine in vivo fluorescently-labelled antigen 
update, as seen in FIG. 27. As shown, 4-1BBL signaling 
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increased the antigen uptake by CD11c-- DCs whereas the 
control CSA protein had no effect. 

While the invention has been described and exemplified in 
sufficient detail for those skilled in this art to make and use it, 
various alternatives, modifications, and improvements should 
be apparent without departing from the spirit and scope of the 
invention. The examples provided herein are representative of 
preferred embodiments, are exemplary, and are not intended 
as limitations on the scope of the invention. Modifications 
therein and other uses will occur to those skilled in the art. 
These modifications are encompassed within the spirit of the 
invention and are defined by the scope of the claims. 

It will be readily apparent to a person skilled in the art that 
varying Substitutions and modifications may be made to the 
invention disclosed herein without departing from the scope 
and spirit of the invention. 

All patents and publications mentioned in the specification 
are indicative of the levels of those of ordinary skill in the art 
to which the invention pertains. All patents and publications 
are herein incorporated by reference to the same extent as if 
each individual publication was specifically and individually 
indicated to be incorporated by reference. 
The invention illustratively described herein suitably may 

be practiced in the absence of any element or elements, limi 
tation or limitations which is not specifically disclosed herein. 
Thus, for example, in each instance herein any of the terms 
“comprising”, “consisting essentially of and "consisting of 
may be replaced with either of the other two terms. The terms 
and expressions which have been employed are used as terms 
of description and not of limitation, and there is no intention 
that in the use of such terms and expressions of excluding any 
equivalents of the features shown and described or portions 
thereof, but it is recognized that various modifications are 
possible within the scope of the invention claimed. Thus, it 
should be understood that although the present invention has 
been specifically disclosed by preferred embodiments and 
optional features, modification and variation of the concepts 
herein disclosed may be resorted to by those skilled in the art, 
and that Such modifications and variations are considered to 
be within the scope of this invention as defined by the 
appended claims. 

Other exemplary embodiments are set forth below and in 
the claims that follow: 

Exemplary Embodiments 

1. A combination comprising: 
(a) a first conjugate comprising (i) a conjugate member 

comprising a first immune co-stimulatory polypeptide 
and (ii) a conjugate member comprising a first member 
of a binding pair, and 

(b) a second conjugate comprising (i) a conjugate member 
comprising a first antigen and (ii) a conjugate member 
comprising a second member of said binding pair. 

2. The combination of embodiment 1, wherein said first 
member of said binding pair comprises avidin or Streptavidin 
and said second member of said binding pair comprises 
biotin. 

3. The combination of embodiment 2, wherein said first 
member of said binding pair comprises core Streptavidin. 

4. The combination of embodiment 1, wherein said first 
conjugate comprises a fusion polypeptide comprising said 
first immune co-stimulatory polypeptide and said first mem 
ber of said binding pair. 

5. The combination of embodiment 1, wherein said first 
immune co-stimulatory polypeptide is selected from the 
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group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

6. The combination of embodiment 5, wherein said first 
immune co-stimulatory polypeptide is 4-1BBL. 

7. The combination of embodiment 6, wherein said first 
conjugate comprises a fusion polypeptide comprising the 
amino acid sequence of SEQID NO:8. 

8. The combination of embodiment 1, wherein said first 
antigen is associated with an infectious agent. 

9. The combination of embodiment 8, wherein said infec 
tious agent is selected from the group consisting of human or 
avian influenza and human immunodeficiency virus. 

10. The combination of embodiment 1, wherein said first 
antigen is a tumor associated antigen. 

11. The combination of embodiment 10, wherein said 
tumor associated antigen is selected from the group consist 
ing of human telomerase reverse transcriptase, Survivin, 
MAGE-1, MAGE-3, human chorionic gonadotropin, carci 
noembryonic antigen, alpha fetoprotein, pancreatic oncofetal 
antigen, MUC-1, CA 125, CA 15-3, CA19-9, CA 549, CA 
195, prostate-specific antigens; prostate-specific membrane 
antigen, Her2/neu, gp-100, mutant K-ras proteins, mutant 
p53, truncated epidermal growth factor receptor, chimeric 
protein PBCR-ABL: HPV E6, HPV E7: Epstein-Barr virus 
EBNA3 protein, and mixtures or fragments thereof. 

12. The combination of embodiment 1, wherein said first 
and second conjugates are provided as separate compositions. 

13. The combination of embodiment 1, wherein said first 
and second conjugates are provided as a single composition. 

14. The combination of embodiment 13, wherein said com 
position comprises a pharmaceutically acceptable carrier, 
excipient or diluent. 

15. The combination of embodiment 13, wherein, as pro 
vided in said composition, said first conjugate is bound to said 
second conjugate via binding between said first and second 
binding pair members. 

16. The combination of embodiment 1, wherein said first 
immune co-stimulatory polypeptide does not comprise the 
transmembrane domain of an immune co-stimulatory mol 
ecule. 

17. The combination of embodiment 1, wherein said first 
immune co-stimulatory polypeptide comprises the extracel 
lular domain of an immune co-stimulatory molecule, or a 
receptor binding portion thereof. 

18. The combination of embodiment 1, further comprising 
a third conjugate comprising (i) a conjugate member com 
prising a second immune co-stimulatory polypeptide and a 
first member of a binding pair and (ii) a conjugate member 
comprising a second antigen and a second member of a bind 
ing pair, wherein: 

said second immune co-stimulatory polypeptide is the 
same as or different from said first immune co-stimulatory 
polypeptide; said second antigen is the same as or different 
from said first antigen; said first and second binding pair 
members of said third conjugate are the same as or different 
from said first and second binding pair members of said first 
and second conjugates, and 

said first conjugate member is bound to said second con 
jugate member via binding between said first and second 
binding pair members. 

19. A combination comprising: 
(a) a first conjugate comprising (i) a conjugate member 

comprising a first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and 
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(b) a second conjugate comprising (i) a conjugate member 
comprising an infectious agent and (ii) a conjugate member 
comprising a second member of said binding pair. 

20. A method of generating or enhancing an immune 
response against a tumor which expresses a first tumor-asso 
ciated antigen, comprising administering to a patient with 
said tumor: 

(a) a first conjugate comprising (i) a conjugate member 
comprising a first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and a second conjugate comprising (i) a conjugate 
member comprising said first tumor-associated antigen and 
(ii) a conjugate member comprising a second member of said 
binding pair; or 

(b) immune cells which have been treated in vitro with said 
first and second conjugates. 

21. The method of embodiment 20, wherein said first and 
second conjugates are administered to said patient. 

22. The method of embodiment 21, wherein said first and 
second conjugates are administered separately. 

23. The method of embodiment 21, wherein said first and 
second conjugates are administered simultaneously. 

24. The method of embodiment 20, wherein said first and 
second conjugates are provided in a single composition. 

25. The method of embodiment 24, wherein, as provided in 
said composition, said first conjugate is bound to said second 
conjugate via binding between said first and second binding 
pair members. 

26. The method of embodiment 21, wherein at least one of 
said first and second conjugates is administered by intratu 
moral injection. 

27. The method of embodiment 20, wherein said first 
tumor-associated antigen is selected from the group consist 
ing of human telomerase reverse transcriptase, Survivin, 
MAGE-1, MAGE-3, human chorionic gonadotropin, carci 
noembryonic antigen, alpha fetoprotein, pancreatic oncofetal 
antigen, MUC-1, CA 125, CA 15-3, CA19-9, CA 549, CA 
195, prostate-specific antigens; prostate-specific membrane 
antigen, Her2/neu, gp-100, mutant K-ras proteins, mutant 
p53, truncated epidermal growth factor receptor, chimeric 
protein P'BCR-ABL: HPV E6, HPV E7; Epstein-Barr virus 
EBNA3 protein, and mixtures or fragments thereof. 

28. The method of embodiment 20, further comprising 
administering a third conjugate comprising (i) a conjugate 
member comprising a second immune co-stimulatory 
polypeptide and a first member of a binding pair and (ii) a 
conjugate member comprising a second tumor-associated 
antigen and a second member of a binding pair, wherein: 

said second immune co-stimulatory polypeptide is the 
same as or different from said first immune co-stimulatory 
polypeptide; said second antigen is the same as or different 
from said first antigen; said first and second binding pair 
members of said third conjugate are the same as or different 
from said first and second binding pair members of said first 
and second conjugates, and 

said first conjugate member is bound to said second con 
jugate member via binding between said first and second 
binding pair members. 

29. The method of embodiment 28, wherein said second 
tumor-associated antigen is selected from the group consist 
ing of human telomerase reverse transcriptase, Survivin, 
MAGE-1, MAGE-3, human chorionic gonadotropin, carci 
noembryonic antigen, alpha fetoprotein, pancreatic oncofetal 
antigen, MUC-1, CA 125, CA 15-3, CA19-9, CA 549, CA 
195, prostate-specific antigens; prostate-specific membrane 
antigen, Her2/neu, gp-100, mutant K-ras proteins, mutant 
p53, truncated epidermal growth factor receptor, chimeric 
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protein P'BCR-ABL: HPV E6, HPV E7: Epstein-Barr virus 
EBNA3 protein, and mixtures or fragments thereof. 

30. The method of embodiment 20, wherein said first mem 
ber of said binding pair comprises avidin or streptavidin and 
said second member of said binding pair comprises biotin. 

31. The method of embodiment 30, wherein said first mem 
ber of said binding pair comprises core streptavidin. 

32. The method of embodiment 20, wherein said first con 
jugate comprises a fusion polypeptide comprising said first 
immune co-stimulatory polypeptide and said first member of 
said binding pair. 

33. The method of embodiment 20, wherein said first 
immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

34. The method of embodiment 33, wherein said first 
immune co-stimulatory polypeptide is 4-1BBL. 

35. The method of embodiment 34, wherein said first con 
jugate comprises a fusion polypeptide comprising the amino 
acid sequence of SEQID NO:8. 

36. The method of embodiment 20, wherein said immune 
co-stimulatory polypeptide does not comprise a transmem 
brane domain of an immune co-stimulatory molecule. 

37. The method of embodiment 20, wherein said immune 
co-stimulatory polypeptide comprises the extracellular 
domain of an immune co-stimulatory molecule, or a receptor 
binding portion thereof. 

38. The method of embodiment 20, wherein said patient is 
administered immune cells which have been treated in vitro 
with said first and second conjugates. 

39. The method of embodiment 38, wherein said immune 
cells comprise a receptor for said immune co-stimulatory 
polypeptide, and wherein said first conjugate is conjugated to 
said immune cells via binding between said immune co 
stimulatory polypeptide and said receptors, and said second 
conjugate is conjugated to said immune cells via binding 
between said first and second binding pair members. 

40. The method of embodiment 38, wherein said immune 
cells are treated with said first and second conjugates simul 
taneously. 

41. The method of embodiment 38, wherein said immune 
cells are treated with said first and second conjugates sepa 
rately. 

42. A method of modifying immune cells to generate or 
enhance an immune response to a tumor expressing a tumor 
associated antigen or to an infectious agent, comprising con 
tacting immune cells expressing a receptor for a first immune 
co-stimulatory polypeptide with: 

(a) a first conjugate comprising (i) a conjugate member 
comprising said first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and 

(b) a second conjugate comprising (i) a conjugate member 
comprising an antigen associated with said tumor or infec 
tious agent or said infectious agent and (ii) a conjugate mem 
ber comprising a second member of said binding pair, 

wherein said first conjugate is conjugated to said immune 
cells via binding between said immune co-stimulatory 
polypeptide and said receptor, and said second conjugate is 
conjugated to said immune cell via binding between said first 
and second binding pair members. 

43. The method of embodiment 42, wherein said first con 
jugate and second conjugates are contacted separately. 

44. The method of embodiment 42, wherein said first and 
second conjugates are contacted simultaneously. 
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45. The method of embodiment 44, wherein said first and 
second conjugates are provided in a single composition. 

46. The method of embodiment 45, wherein, as provided in 
said composition, said first conjugate is bound to said second 
conjugate via binding between said first and second binding 
pair members. 

47. The method of embodiment 42, wherein said contact 
ing is effected by administering said first and second conju 
gates to a patient containing said immune cells. 

48. The method of embodiment 47, wherein said second 
conjugate comprises a tumor associated antigen, said patient 
further comprises said tumor, and at least one of said first and 
second conjugates is administered by intratumoral injection. 

49. The method of embodiment 42, wherein said immune 
cell is a T cell or neutrophil. 

50. The method of embodiment 49, wherein said T cell is 
selected from the group consisting of CD4+ cells, CD8+ cells, 
natural killer cells, monocytes and dendritic cells. 

51. The method of embodiment 42, wherein said second 
conjugate comprises a tumor-associated antigen. 

52. The method of embodiment 51, wherein said tumor 
associated antigen is selected from the group consisting of 
human telomerase reverse transcriptase, survivin, MAGE-1, 
MAGE-3, human chorionic gonadotropin, carcinoembryonic 
antigen, alpha fetoprotein, pancreatic oncofetal antigen, 
MUC-1, CA 125, CA 15-3, CA 19-9, CA 549, CA 195, 
prostate-specific antigens; prostate-specific membrane anti 
gen, Her2/neu, gp-100, mutant K-ras proteins, mutant p53, 
truncated epidermal growth factor receptor, chimeric 
protein PBCR-ABL: HPV E6, HPV E7; Epstein-Barr virus 
EBNA3 protein, and mixtures or fragments thereof. 

53. The method of embodiment 42, wherein said second 
conjugate comprises an antigen associated with an infectious 
agent or the infectious agent. 

54. The method of embodiment 42, wherein said infectious 
agent is a bacteria. 

55. The method of embodiment 54, wherein said bacteria is 
selected from the group consisting of Mycobacterium tuber 
culosis, Bacillus anthracis, Staphylococcus aureus. 

56. The method of embodiment 42, wherein said infectious 
agent is a virus. 

57. The method of embodiment 56, wherein said virus is 
selected from the group consisting of Adenoviridae; 
Arenaviridae Caliciviridae; Coronaviridae; Filoviridae: Fla 
viviridae; Hepadnaviridae: Herpesviridae; Orthomyxoviri 
dae; Papillomaviridae; Picornaviridae: Poxyiridae: Reoviri 
dae: Retroviridae; Rhabdoviridae; and Togaviridae; 

58. The method of embodiment 42, wherein said infectious 
agent is a parasite 

59. The method of embodiment 58, wherein said parasite is 
selected from the group consisting of Plasmodium and Leish 
mania. 

60. The method of embodiment 42, wherein said infectious 
agent is a fungus 

61. The method of embodiment 60, wherein said fungus is 
selected from the group consisting of Aspergillis, Candida, 
Coccidia, Cryptococci; Geotricha. Histoplasma, Microspo 
ridia; and Pneumocystis 

62. The method of embodiment 47, wherein said patient is 
selected from the group consisting of equine, ovine, caprine, 
bovine, porcine, avian, canine, feline and primate species. 

63. The method of embodiment 47, wherein said patient is 
human. 

64. The method of embodiment 42, wherein said immune 
cells comprise a receptor for a second immune co-stimulatory 
polypeptide, the method further comprising contacting said 
immune cells with a third conjugate comprising (i) a conju 
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gate member comprising said second immune co-stimulatory 
polypeptide and a first member of a binding pair and (ii) a 
conjugate member comprising a second antigen associated 
with said tumor or infectious agent or said infectious agent 
and a second member of said binding pair, wherein: 

said second immune co-stimulatory polypeptide is the 
same as or different from said first immune co-stimulatory 
polypeptide; said second antigen, if present, is the same as or 
different from said first antigen, if present; said first and 
second binding pair members of said third conjugate are the 
same as or different from said first and second binding pair 
members of said first and second conjugates, and 

said first conjugate member is bound to said second con 
jugate member via binding between said first and second 
binding pair members. 

65. The method of embodiment 42, wherein said first mem 
ber of said binding pair comprises avidin or streptavidin and 
said second member of said binding pair comprises biotin. 

66. The method of embodiment 65, wherein said first mem 
ber of said binding pair comprises core streptavidin. 

67. The method of embodiment 42, wherein said first con 
jugate comprises a fusion polypeptide comprising said first 
immune co-stimulatory polypeptide and said first member of 
said binding pair. 

68. The method of embodiment 42, wherein said first 
immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

69. The method of embodiment 68, wherein said first 
immune co-stimulatory polypeptide is 4-1BBL. 

70. The method of embodiment 69, wherein said first con 
jugate comprises a fusion polypeptide comprising the amino 
acid sequence of SEQID NO:8. 

71. The method of embodiment 42, wherein said immune 
co-stimulatory polypeptide does not comprise a transmem 
brane domain of an immune co-stimulatory molecule. 

72. The method of embodiment 42, wherein said immune 
co-stimulatory polypeptide comprises the extracellular 
domain of an immune co-stimulatory molecule, or a receptor 
binding portion thereof. 

73. A population of immune cells made by the method of 
embodiment 42, wherein said immune cells generate or 
enhance an immune response to said tumor when contacted 
with other immune cells. 

74. A modified immune cell expressing a receptor for a first 
immune co-stimulatory polypeptide, wherein said modified 
immune cell comprises: 

a) a first conjugate comprising (i) a conjugate member 
comprising said first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and 

(b) a second conjugate comprising (i) a conjugate member 
comprising a first antigen or infectious agent and (ii) a con 
jugate member comprising a second member of said binding 
pair, 

wherein said first conjugate is conjugated to said immune 
cell via binding between said immune co-stimulatory 
polypeptide and said receptor, and said second conjugate is 
conjugated to said immune cell via binding between said first 
and second binding pair members. 

75. The immune cell of embodiment 74, wherein said 
immune cell is selected from the group consisting of T cells, 
neutrophils, natural killer cells, monocytes and dendritic 
cells. 
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76. The immune cell of embodiment 75, wherein said T cell 
is selected from the group consisting of CD4+ cells and CD+ 
cells. 

77. The immune cell of embodiment 76, wherein said first 
member of said binding pair comprises avidin or streptavidin 5 
and said second member of said binding pair comprises 
biotin. 

78. The immune cell of embodiment 76, wherein said first 
member of said binding pair comprises core Streptavidin. 

79. The immune cell of embodiment 74, wherein said first 
conjugate comprises a fusion polypeptide comprising said 
first immune co-stimulatory polypeptide and said first mem 
ber of said binding pair. 

80. The immune cell of embodiment 74, wherein said first 
immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

81. The immune cell of embodiment 80, wherein said first 20 
immune co-stimulatory polypeptide is 4-1BBL. 

82. A method of inducing or enhancing an immune 
response against an infectious agent, comprising administer 
ing to a patient Suffering from or at risk of infection with said 
infectious agent: 25 

a) a first conjugate comprising (i) a conjugate member 
comprising a first immune co-stimulatory polypeptide and 
(ii) a conjugate member comprising a first member of a bind 
ing pair, and 

(b) a second conjugate comprising (i) a conjugate member 30 
comprising a first antigen associated with said infectious 
agent or comprising said infectious agent and (ii) a conjugate 
member comprising a second member of said binding pair. 

83. The method of embodiment 82, wherein said first and 
second conjugates are administered separately. 35 

84. The method of embodiment 82, wherein said first and 
second conjugates are administered simultaneously. 

85. The method of embodiment 84, wherein said first and 
second conjugates are provided in a single composition. 

86. The method of embodiment 85, wherein, as provided in 40 
said composition, said first conjugate is bound to said second 
conjugate via binding between said first and second binding 
pair members. 

87. The method of embodiment 82, wherein at least one of 
said first and second conjugates is administered by a route 45 
selected from the group consisting of oral; Sublingual; trans 
mucosal; transdermal; rectal; vaginal; Subcutaneous; intra 
muscular, intravenous; intra-arterial; intrathecal; via cath 
eter, via implant; and directly into a tumor. 

88. The method of embodiment 82, wherein said infectious 50 
agent is a bacteria. 

89. The method of embodiment 88, wherein said bacteria is 
selected from the group consisting of Mycobacterium tuber 
culosis, Bacillus anthracis, Staphylococcus aureus. 

90. The method of embodiment 82, wherein said infectious 55 
agent is a virus. 

91. The method of embodiment 90, wherein said virus is 
selected from the group consisting of Adenoviridae; 
Arenaviridae Caliciviridae; Coronaviridae; Filoviridae: Fla 
viviridae; Hepadnaviridae: Herpesviridae; Orthomyxoviri- 60 
dae; Papillomaviridae; Picornaviridae: Poxyiridae: Reoviri 
dae: Retroviridae; Rhabdoviridae; and Togaviridae; 

92. The method of embodiment 82, wherein said infectious 
agent is a parasite 

93. The method of embodiment 92, wherein said parasite is 65 
selected from the group consisting of Plasmodium and Leish 
12C 
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94. The method of embodiment 82, wherein said infectious 

agent is a fungus 
95. The method of embodiment 94, wherein said fungus is 

selected from the group consisting of Aspergillis, Candida, 
Coccidia, Cryptococci; Geotricha. Histoplasma, Microspo 
ridia; and Pneumocystis 

96. The method of embodiment 82, wherein said patient is 
selected from the group consisting of equine, Ovine, caprine, 
bovine, porcine, avian, canine, feline and primate species. 

97. The method of embodiment 96, wherein said patient is 
human. 

98. The method of embodiment 82, wherein said infection 
is human or avian influenza and said first antigen is selected 
from the group consisting of H, N, M1, M2e, NS1, NS2 
(NEP), NP, PA, PB1, and PB2. 

99. The method of embodiment 82, wherein said infection 
is HIV and said first antigen is selected from the group of HIV 
antigens consisting of Gag proteins, Pol, Vif Vpr Rev. Vpu, 
envelope eptiopes, Tat, and Nef. 

100. The method of embodiment 82, further comprising 
administering a third conjugate comprising (i) a conjugate 
member comprising a second immune co-stimulatory 
polypeptide and a first member of a binding pair and (ii) a 
conjugate member comprising a second antigen associated 
with said infection or said infectious agent and a second 
member of said binding pair, wherein: 

said second immune co-stimulatory polypeptide is the 
same as or different from said first immune co-stimulatory 
polypeptide; said second antigen, if present, is the same as or 
different from said first antigen, if present; said first and 
second binding pair members of said third conjugate are the 
same as or different from said first and second binding pair 
members of said first and second conjugates, and 

said first conjugate member is bound to said second con 
jugate member via binding between said first and second 
binding pair members. 

101. The method of embodiment 100, wherein said infec 
tion is human or avian influenza and said second antigen is 
selected from the group consisting of H, N, M1, M2e, NS1, 
NS2 (NEP), NP, PA, PB1, and PB2. 

102. The method of embodiment 101, wherein said infec 
tion is HIV and said second antigen is selected from the group 
of HIV antigens consisting of Gag proteins, Pol, Vif Vpr. 
Rev. Vpu, envelope eptiopes, Tat, and Nef. 

103. The method of embodiment 82, wherein said first 
member of said binding pair comprises avidin or Streptavidin 
and said second member of said binding pair comprises 
biotin. 

104. The method of embodiment 103, wherein said first 
member of said binding pair comprises core Streptavidin. 

105. The method of embodiment 82, wherein said first 
conjugate comprises a fusion polypeptide comprising said 
first immune co-stimulatory polypeptide and said first mem 
ber of said binding pair. 

106. The method of embodiment 82, wherein said first 
immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

107. The method of embodiment 106, wherein said first 
immune co-stimulatory polypeptide is 4-1BBL. 

108. The method of embodiment 107, wherein said first 
conjugate comprises a fusion polypeptide comprising the 
amino acid sequence of SEQID NO:8. 

109. The method of embodiment 82, wherein said immune 
co-stimulatory polypeptide does not comprise a transmem 
brane domain of an immune co-stimulatory molecule. 
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110. The method of embodiment 82, wherein said immune 
co-stimulatory polypeptide comprises the extracellular 
domain of an immune co-stimulatory molecule, or a receptor 
binding portion thereof. 

111. A conjugate consisting essentially of an immune co 
stimulatory polypeptide and avidin or streptavidin, wherein 
said immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

112. The conjugate of embodiment 111, comprising core 
streptavidin. 

113. The conjugate of embodiment 111, wherein said 
immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL. ICOSL, PD-L1, PD-L2. 
OX40L, CD27L, CD3OL, LIGHT, BAFF, and APRIL. 

114. A method of inducing an immunostimulatory 
response in an animal consisting essentially of administering 
to the animala conjugate consisting essentially of an immune 
co-stimulatory polypeptide and avidin or streptavidin. 

115. The method of embodiment 114, wherein said conju 
gate comprises core streptavidin. 

116. The method of embodiment 114, wherein said 
immune co-stimulatory polypeptide is selected from the 
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group consisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, 
B7-H3, B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, 
APRIL, CD80 and CD40L. 

117. The method of embodiment 116, wherein said 
immune co-stimulatory polypeptide is selected from the 
group consisting of 4-1BBL. ICOSL, PD-L1, PD-L2. 
OX40L, CD27L, CD3OL, LIGHT, BAFF, and APRIL. 

118. A conjugate comprising an immune co-stimulatory 
polypeptide and avidin or streptavidin, wherein said immune 
co-stimulatory polypeptide is selected from the group con 
sisting of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, B7413, 
B7-H4, OX40L, CD27L, CD30L, LIGHT, BAFF, APRIL, 
CD80 and CD4OL. 

119. A method of inducing an immunostimulatory 
response in an animal comprising administering to the animal 
a conjugate comprising an immune co-stimulatory polypep 
tide and avidin or streptavidin, wherein said immune co 
stimulatory polypeptide is selected from the group consisting 
of 4-1BBL, CD86, ICOSL, PD-L1, PD-L2, B7-H3, B7-H4, 
OX40L, CD27L, CD3OL, LIGHT, BAFF, APRIL, CD80 and 
CD4OL. 

120. The method of embodiment 119, further comprising 
administering an antigen to the animal. 

121. The method of embodiment 120, wherein said antigen 
is administered as a conjugate comprising said antigen and a 
member of a binding pair. 

<16 Os NUMBER OF SEO ID NOS: 28 

<21 O SEQ ID NO 1 
&211s LENGTH: 1213 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
nucleotide construct 

<4 OOs SEQUENCE: 1 

accc.gtgtgt aaag.ccg.cgt titccaaaatg tataaaaccg agagcatctg gC caatgtgc 60 

atcagttgttg gt cagcagca aaatcaagtgaat Catcto a gtgcaactaa aggggggatc 12O 

cgatctgaat atgaagttat gcatatt act gg.ccgtcgtg goctttgttg go ct ct cqct 18O 

cgggagatct catcatcacc at caccatat caccggcacc tdgtacaacc agct cqgctic 24 O 

gacct tcatC gtgaccgcgg gcgc.cgatgg cqcc ctgacc ggaacctacg agtc.ggcc.gt 3 OO 

cggcaacgcc gaga.gc.cgct acgt.cctgac cq9tcgttac gacagcgc.cc cqgccaccga 360 

cggcagcggc accgc.cctic gttggacggt ggcctggaag aataact acc gcaacgcc.ca 42O 

Ctcc.gcgacc acgtggagcg gccagtacgt. c99.cggcgcc gaggcgagga toaacaccca 48O 

gtggctgctg acct CC9gcg cc accgaggc caacgc.ctgg aagt cc acgc tiggit cqgc.ca 54 O 

cgacacct t c accaaggtga agcc.gtc.cgc cqcct caagc gaattic caac gatcto acca 6 OO 

ggc.ca accca gcagdacat C ttacaggagc caacgc.ca.gc ttgataggta ttggtggacc 660 

totgttatgg gagacacgac ttggcctggc Cttcttgaggggcttgacgt at catgatgg 72O 

ggC cctggtg accatggagc ccggittact a citatgtgtac to caaagtgc agctgagcgg 78O 

cgtgggctgc ccc.caggggc tiggccalatgg cct CCCC at C acccatggac tatacaag.cg 84 O 

Cacat cocgc taccc.galagg agittagaact gctggtcagt cqgcggtcac ccttggc.cg 9 OO 

ggccaac agc tic ccgagtct ggtggga cag cagct tcct g gg.cggcgtgg tacatctgga 96.O 

ggctggggala gaggtggtgg to cqcgtgcc tigaaaccgc ctggtcagaC cacgtgacgg 102O 
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- Continued 

108 O 

114 O 

12 OO 

1213 

Caccaggt Co tatttcggag ctitt catggt Ctgaaggctg. C9gtgacaat gtattttgtg 

gagggacctic ticCagg actic accct cagt ctagagggcc Cttcaaggit aag cct atcC 

ctaaccct ct c ct cqgtctic gattctacgc gtaccggtca toatcac cat cac cattgag 

tittaaacccg ctg 

<210s, SEQ ID NO 2 
&211s LENGTH: 307 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
fusion protein 

<4 OOs, SEQUENCE: 2 

Met Lys Lieu. Cys Ile Lieu. Lieu Ala Val Val Ala Phe Val Gly Lieu. Ser 
1. 

Lell 

Asn 

Lell 

Wall 
65 

Thir 

His 

Arg 

Ala 

Pro 
145 

Ala 

Pro 

Thir 

Wall 

Ala 
225 

Arg 

Wall 

Asn 

Phe 
3. OS 

Gly 

Glin 

Thir 
SO 

Luell 

Ala 

Ser 

Ile 

Trp 
13 O 

Ser 

Ala 

Luell 

Tyr 
21 O 

Asn 

Pro 

Ala 

Wall 

Arg 
29 O 

Met 

Arg 

Luell 
35 

Gly 

Thir 

Luell 

Ala 

Asn 
115 

Ala 

His 

Luell 

His 
195 

Ser 

Gly 

Asn 

His 
27s 

Luell 

Wall 

5 1O 15 

Ser His His His His His His Ile Thr Gly. Thir Trp Tyr 
2O 25 3O 

Gly Ser Thr Phe Ile Val Thir Ala Gly Ala Asp Gly Ala 
4 O 45 

Thir Tyr Glu Ser Ala Val Gly Asn Ala Glu Ser Arg Tyr 
55 6 O 

Gly Arg Tyr Asp Ser Ala Pro Ala Thr Asp Gly Ser Gly 
70 7s 8O 

Gly Trp Thr Val Ala Trp Lys Asn. Asn Tyr Arg Asn Ala 
85 90 95 

Thir Thir Trp Ser Gly Glin Tyr Val Gly Gly Ala Glu Ala 
1OO 105 11 O 

Thr Gln Trp Lieu. Lieu. Thir Ser Gly Ala Thr Glu Ala Asn 
12 O 125 

Ser Thr Lieu Val Gly His Asp Thr Phe Thr Llys Val Lys 
135 14 O 

Ala Ser Ser Glu Phe Glin Arg Ser His Glin Ala Asn Pro 
150 155 160 

Lieu. Thr Gly Ala Asn Ala Ser Lieu. Ile Gly Ile Gly Gly 
1.65 17O 17s 

Trp Glu Thir Arg Lieu. Gly Lieu Ala Phe Lieu. Arg Gly Lieu. 
18O 185 19 O 

Asp Gly Ala Leu Val Thr Met Glu Pro Gly Tyr Tyr Tyr 
2OO 2O5 

Llys Val Glin Lieu. Ser Gly Val Gly Cys Pro Glin Gly Lieu. 
215 22O 

Leu Pro Ile Thr His Gly Lieu. Tyr Lys Arg Thr Ser Arg 
23 O 235 24 O 

Glu Lieu. Glu Lieu. Lieu Val Ser Arg Arg Ser Pro Cys Gly 
245 250 255 

Ser Ser Arg Val Trp Trp Asp Ser Ser Phe Leu Gly Gly 
26 O 265 27 O 

Lieu. Glu Ala Gly Glu Glu Val Val Val Arg Val Pro Gly 
28O 285 

Val Arg Pro Arg Asp Gly Thr Arg Ser Tyr Phe Gly Ala 
295 3 OO 

66 





65 

Thir Asn. Asn 

Gly Thr Tyr 

Arg Glu. His 
115 

Thir Pro Ser 
13 O 

Ile Ile Cys 
145 

Lieu. Glu Asn 

Asp Pro Glu 

Met Thir Thr 
195 

Arg Val Asn 
21 O 

His His His 
225 

Ser Thir Phe 

Tyr Glu Ser 

Arg Tyr Asp 

Trp Thr Val 
29 O 

Thir Trp Ser 
3. OS 

Glin Trp Lieu. 

Thir Lieu Wall 

Ser Ser Arg 
355 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

70 

69 

Lieu. Ser Ile Wall Ile 
85 

Glu Cys Val Val Lieu. 

Lieu Ala Glu Wall Thr 
12 O 

Ile Ser Asp Phe Glu 
135 

Ser Thr Ser Gly Gly 
150 

Gly Glu Glu Lieu. Asn 
1.65 

Thr Glu Lieu. Tyr Ala 

Asn His Ser Phe Met 

Gln Thr Phe Asn Trp 
215 

His His His Ile Thr 
23 O 

Ile Val Thr Ala Gly 
245 

Ala Val Gly Asn Ala 
26 O 

Ser Ala Pro Ala Thr 
28O 

Ala Trp Lys Asn. Asn 
295 

Gly Glin Tyr Val Gly 
310 

Lieu. Thir Ser Gly Ala 
3.25 

Gly His Asp Thr Phe 
34 O 

Ile Lieu. Glin Ile Ser 

D NO 5 
H: 1294 
DNA 

360 

Lieu Ala Lieu 
90 

Llys Tyr Glu 
105 

Lieu. Ser Wall 

Ile Pro Thir 

Phe Pro Glu 
155 

Ala Ile Asn 
17O 

Wall Ser Ser 
185 

Cys Lieu. Ile 

ASn. Thir Thir 

Gly. Thir Trp 
235 

Ala Asp Gly 
250 

Glu Ser Arg 
265 

Asp Gly Ser 

Tyr Arg Asn 

Gly Ala Glu 
315 

Thr Glu Ala 
330 

Thr Llys Val 
345 

Ser Thir Wall 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATU 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
RE: 

nucleotide construct 

<4 OOs, SEQUENCE: 5 

tt catgcaac 

gtggcCtttg 

acctgg taca 

accggaac ct 

tacgacagcg 

aagaataact 

taaagggggg 

ttggcct citc 

accagctcgg 

acgagt cqgc 

cc.ccggccac 

accgcaacgc 

atc.cgatcto 

gct C9ggaga 

ctic gacct tc 

cgt.cggcaac 

cgacggcagc 

c cact cogcq 

aatatgaagt 

t ct catcatc. 

atcgtgaccg 

ggc accgc.cc 

accacgtgga 

US 9,079,976 B2 

- Continued 

Arg 

Ser 
14 O 

Pro 

Thir 

Lys 
22O 

Ala 

Gly 

Ala 
3 OO 

Ala 

Asn 

Ala 

Pro 

Asp 

Ala 
125 

Asn 

His 

Thir 

Lell 

Tyr 

Glin 

Asn 

Lell 

Wall 

Thir 
285 

His 

Arg 

Ala 

Pro 

Ala 
365 

Ser 

Ala 
11 O 

Asp 

Ile 

Luell 

Wall 

Asp 
19 O 

Gly 

Glu 

Glin 

Thir 

Luell 
27 O 

Ala 

Ser 

Ile 

Trp 

Ser 
35. O 

Ala 

tatgcatatt 

acCat Cacca 

cgggcgc.cga 

gctacgt.cct 

tcggttggac 

gcggc.cagta 

Asp Glu 
95 

Phe Lys 

Phe Pro 

Arg Arg 

Ser Trp 
160 

Ser Glin 
17s 

Phe Asn 

His Lieu. 

Arg Ser 

Lieu. Gly 
24 O 

Gly Thr 
255 

Thr Gly 

Lieu. Gly 

Ala Thr 

Asn. Thir 

Llys Ser 
335 

Ala Ala 

Arg Val 

Synthetic 

actggc.cgt.c 6 O 

tat caccggc 12 O 

tggcgcc ctg 18O 

gaccggit ct 24 O 

ggtggCCtgg 3OO 

cgt.cggcggc 360 

70 



71 
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gcc.gaggcga ggat.ca acac ccagtggctg. ittgacct cog gcgccaccga ggccaacgc.c 42O 

tggaagtc.ca cqctggtcgg C cacgacacic titcaccalagg taag.ccgtc. c9ccgc.ctica 48O 

agcgaatt CC gcaccgagcc ticggc.cagcg ct cacaatca ccaccitcgcc Caacctgggt 54 O 

accc.gagaga ataatgcaga ccagg to acc cct gttt coc acattggct g c cc caac act 6OO 

acacaa.cagg gct CtcCtgt gttcgc.caag Ctactggcta aaaac Caagc atcgttgttgc 660 

aataca actic talactggca cagccaagat ggagctggga gct catacct at Ctcaaggt 72 O 

Ctgagg tacg aagaagacaa aaaggagttg gtggtagaca gtc.ccgggct Ctact acgta 78O 

tttittggaac talagcticag ticcaa.catt C acaaacacag gcc acaaggit gcagggctgg 84 O 

gtct ct cittgttittgcaa.gc aaag.cct cag gtagatgact ttgacaactt gg.ccctgaca 9 OO 

gtggaactgt t cc cttgctic catggagaac aagttagtgg accgttcct g gag to aactg 96.O 

ttgctic ctga aggctggc.ca cc.gc.ct cagt gtgggtctgagggcttatct gcatggagcc 1 O2O 

caggatgcat acagagacitg ggagctgtct tat cocaiaca ccaccagctt toggactic titt 108 O 

cittgttgaaac ccgacaac cc atgggaatga gaactat cott tottgttgact c ctagttgct 114 O 

aagt cct caa gctgctatgc ticgagtictag agggc ccttic galaggtaagc ct atcCctaa 12 OO 

c cct ct cotc ggit citcqatt citacgcgtac cqgtcatcat cac catcacc attgagttta 126 O 

aaccc.gctga t cagoctoga citgtgcctitt ctaa 1294 

<210s, SEQ ID NO 6 
&211s LENGTH: 358 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
fusion protein 

<4 OOs, SEQUENCE: 6 

Met Lys Lieu. Cys Ile Lieu. Lieu Ala 
1. 

Lell 

Asn 

Lell 

Wall 
65 

Thir 

His 

Arg 

Ala 

Pro 

145 

Thir 

Glin 

Gly 

Glin 

Thir 
SO 

Luell 

Ala 

Ser 

Ile 

Trp 
13 O 

Ser 

Ile 

Wall 

Arg 

Luell 
35 

Gly 

Thir 

Luell 

Ala 

Asn 

115 

Ala 

Thir 

Thir 

5 

Ser His His His His 

Gly Ser Thr Phe Ile 
4 O 

Thr Tyr Glu Ser Ala 
55 

Gly Arg Tyr Asp Ser 
70 

Gly Trp Thr Val Ala 
85 

Thir Thir Trp Ser Gly 

Thr Gln Trp Lieu. Leu 
12 O 

Ser Thr Lieu Val Gly 
135 

Ala Ser Ser Glu Phe 
150 

Thir Ser Pro Asn Lieu. 
1.65 

Pro Wal Ser His Ile 
18O 

Wal Wall Ala 
1O 

His His Ile 
25 

Wall. Thir Ala 

Val Gly Asn 

Ala Pro Ala 
7s 

Trp Lys Asn 
90 

Gln Tyr Val 
105 

Thir Ser Gly 

His Asp Thr 

Arg Thr Glu 
155 

Gly Thr Arg 
17O 

Gly Cys Pro 
185 

Phe 

Thir 

Gly 

Ala 
6 O 

Thir 

Asn 

Gly 

Ala 

Phe 
14 O 

Pro 

Glu 

Asn 

Wall 

Gly 

Ala 
45 

Glu 

Asp 

Gly 

Thir 
125 

Thir 

Arg 

Asn 

Thir 

Gly 

Thir 

Asp 

Ser 

Gly 

Arg 

Ala 
11 O 

Glu 

Pro 

Asn 

Thir 
19 O 

Luell Ser 
15 

Trp Tyr 

Gly Ala 

Arg Tyr 

Ser Gly 
8O 

Asn Ala 
95 

Glu Ala 

Ala Asn 

Val Lys 

Ala Lieu 
160 

Ala Asp 
17s 

Glin Glin 
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114 O 

12 OO 

126 O 

1295 

ggactic cctt Caccgagg to ggaataacgc cca.gc.ctggg tec agcc cac ctggacagag 

tcc.gaatcct act coat colt c.tc.gagticta gagggcc citt cqaaggtaag cct atcc cta 

accct citcct cqgtct cqat t citacgcgta ccggit catca toaccat cac cattgagttt 

aaac cc.gctg at cago: ct cq actgtgcct t t ctaa 

<210s, SEQ ID NO 8 
&211s LENGTH: 357 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
fusion protein 

<4 OOs, SEQUENCE: 8 

Met Lys Lieu. Cys Ile Lieu. Lieu Ala 
1. 

Lell 

Asn 

Lell 

Wall 
65 

Thir 

His 

Arg 

Ala 

Pro 
145 

Ala 

Pro 

Gly 

Pro 

Gly 
225 

Ala 

Ala 

Lell 

Pro 

Arg 
3. OS 

Gly 

Glin 

Thir 
SO 

Luell 

Ala 

Ser 

Ile 

Trp 
13 O 

Ser 

Arg 

Glu 

Met 

Luell 
21 O 

Gly 

Gly 

Gly 

Arg 

Pro 
29 O 

Luell 

Arg 

Luell 
35 

Gly 

Thir 

Luell 

Ala 

Asn 
115 

Ala 

Ala 

Luell 

Phe 
195 

Ser 

Luell 

Wall 

Glu 

Ser 
27s 

Ala 

Luell 

5 

Ser His His His His 

Gly Ser Thr Phe Ile 
4 O 

Thr Tyr Glu Ser Ala 
55 

Gly Arg Tyr Asp Ser 
70 

Gly Trp Thr Val Ala 
85 

Thir Thir Trp Ser Gly 

Thr Gln Trp Lieu. Leu 
12 O 

Ser Thr Lieu Val Gly 
135 

Ala Ser Ser Glu Phe 
150 

Ser Pro Gly Ser Ala 
1.65 

Ser Pro Asp Asp Pro 
18O 

Ala Glin Lieu. Wall Ala 

Trp Tyr Ser Asp Pro 
215 

Ser Tyr Lys Glu Asp 
23 O 

Tyr Tyr Val Phe Phe 
245 

Gly Ser Gly Ser Val 
26 O 

Ala Ala Gly Ala Ala 

Ser Ser Glu Ala Arg 
295 

His Lieu. Ser Ala Gly 
310 

Val Val Ala Phe Val Gly Leu Ser 
1O 15 

His His Ile Thr Gly. Thir Trp Tyr 
25 3O 

Val Thir Ala Gly Ala Asp Gly Ala 
45 

Val Gly Asn Ala Glu Ser Arg Tyr 
6 O 

Ala Pro Ala Thr Asp Gly Ser Gly 
7s 8O 

Trp Lys Asn. Asn Tyr Arg Asn Ala 
90 95 

Glin Tyr Val Gly Gly Ala Glu Ala 
105 11 O 

Thir Ser Gly Ala Thr Glu Ala Asn 
125 

His Asp Thr Phe Thr Llys Val Lys 
14 O 

Ala Cys Pro Trp Ala Val Ser Gly 
155 160 

Ala Ser Pro Arg Lieu. Arg Glu Gly 
17O 17s 

Ala Gly Lieu. Lieu. Asp Lieu. Arg Glin 
185 19 O 

Glin Asn Val Lieu. Lieu. Ile Asp Gly 
2O5 

Gly Lieu Ala Gly Val Ser Lieu. Thr 
22O 

Thir Lys Glu Lieu Val Val Ala Lys 
235 24 O 

Glin Lieu. Glu Lieu. Arg Arg Val Val 
250 255 

Ser Lieu Ala Lieu. His Lieu. Glin Pro 
265 27 O 

Ala Lieu Ala Lieu. Thr Val Asp Lieu. 
285 

Asn Ser Ala Phe Gly Phe Glin Gly 
3 OO 

Glin Arg Lieu. Gly Val His Lieu. His 
315 32O 

76 
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Thr Glu Ala Arg Ala Arg His Ala Trp Gln Lieu. Thr Glin Gly Ala Thr 
3.25 330 335 

Val Lieu. Gly Lieu Phe Arg Val Thr Pro Glu Ile Pro Ala Gly Lieu Pro 
34 O 345 35. O 

Ser Pro Arg Ser Glu 
355 

<210s, SEQ ID NO 9 
&211s LENGTH: 1334 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
nucleotide construct 

<4 OOs, SEQUENCE: 9 

Catcto cagt gcaact aaag gggggat.ccg atct caatat gaagttatgc at attactgg 6 O 

ccgt.cgtggc Ctttgttggc ct ct cqctic ggagatctgc ticcitctgaag attcaagctt 12 O 

atttcaatga gactgcagac ctdccatgcc aatttgcaaa ct citcaaaac caaagcc toga 18O 

gtgagctagt agt attittgg Caggaccagg aaaacttggit totgaatgag gtatact tag 24 O 

gcaaagagaa atttgacagt gttcattcca agtatatggg cc.gcacaagt tttgatt.cgg 3OO 

acagttggac cctgagacitt cacaatct tc agat Caagga caagggcttg tat caatgta 360 

t catccatca caaaaag.ccc acaggaatga titcgcatcca ccagatgaat tctgaactgt 42O 

cagtgcttgc taactt cagt caacctgaaa tag taccaat ttctaatata acagaaaatg 48O 

tgtacataaa tittgacctgc ticatctatac acggittaccc agaac ctaag aagatgagtg 54 O 

ttittgctaag aaccaagaat t caactat cq agtatgatgg tattatgcag aaatctgaag 6OO 

ataatgtcac agaactgtac gacgtttcca totagottgtc. tdttt catt c cctdatgtta 660 

cgagcaat at gaccatct to td tatt ctog aaactgacaa gacgcggctt titat citt cac 72 O 

ctitt ct citat agagcttgag gaccct cago citcc.cccaga cca catt cot agat citcatc 78O 

atcaccatca ccatat cacc ggcacctggit acaac cagot cqgct coacc titcatcgtga 84 O 

cc.gcgggcgc cacggcgcc ctgaccggaa cctacgagtic ggc.cgt.cggc alacgcc.gaga 9 OO 

gcc.gctacgt cct gaccggit cqttacgaca gcgcc.ccggC Caccgacggc agcggcaccg 96.O 

C cct cqgttg gacggtggcc tigaagaata act accgcaa CCCC act cc gcgaccacgt. 1 O2O 

ggagcggcca gtacgt.cggc ggcgc.cgagg caggat caa Cacccagtgg Ctgttgacct 108 O 

ccggcgc.cac Caggccaac gcctgaagt c cacgctggit cq9cc acgac acctt Cacca 114 O 

aggtgaagcc gtc.cgc.cgcc ticaa.gc.cgaa ttctgcagat atc.ca.gcaca gtggcggcc.g 12 OO 

citcgagtcta gaggg.ccctt cqaaggtaag cctat cocta accct ct cot cqgtc.tc.gat 126 O 

tctacgcgta ccggtcatca totaccatcac cattgagttt aaaccc.gct g atcagcct cq 132O 

actgtgctitt ctaa 1334 

<210s, SEQ ID NO 10 
&211s LENGTH: 376 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
fusion protein 

<4 OOs, SEQUENCE: 10 

Met Lys Lieu. Cys Ile Lieu. Lieu Ala Val Val Ala Phe Val Gly Lieu. Ser 
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1. 5 1O 15 

Lieu. Gly Arg Ser Ala Pro Lieu Lys Ile Glin Ala Tyr Phe Asin Glu Thir 
2O 25 3O 

Ala Asp Lieu Pro Cys Glin Phe Ala Asn. Ser Glin Asn Glin Ser Lieu. Ser 
35 4 O 45 

Glu Lieu Val Val Phe Trp Glin Asp Glin Glu Asn Lieu Val Lieu. Asn. Glu 
SO 55 6 O 

Val Tyr Lieu. Gly Lys Glu Lys Phe Asp Ser Val His Ser Lys Tyr Met 
65 70 7s 8O 

Gly Arg Thir Ser Phe Asp Ser Asp Ser Trp Thir Lieu. Arg Lieu. His Asn 
85 90 95 

Lieu. Glin Ile Lys Asp Llys Gly Lieu. Tyr Glin Cys Ile Ile His His Lys 
1OO 105 11 O 

Llys Pro Thr Gly Met Ile Arg Ile His Glin Met Asn Ser Glu Lieu Ser 
115 12 O 125 

Wall Leu Ala Asn. Phe Ser Glin Pro Glu Ilie Wall Pro Ile Ser Asn. Ile 
13 O 135 14 O 

Thr Glu Asn Val Tyr Ile Asn Lieu. Thr Cys Ser Ser Ile His Gly Tyr 
145 150 155 160 

Pro Glu Pro Llys Lys Met Ser Val Lieu. Leu Arg Thr Lys Asn Ser Thr 
1.65 17O 17s 

Ile Glu Tyr Asp Gly Ile Met Gln Lys Ser Glin Asp Asn Val Thr Glu 
18O 185 19 O 

Lieu. Tyr Asp Val Ser Ile Ser Leu Ser Val Ser Phe Pro Asp Val Thr 
195 2OO 2O5 

Ser Asn Met Thr Ile Phe Cys Ile Leu Glu Thr Asp Llys Thr Arg Lieu. 
21 O 215 22O 

Lieu. Ser Ser Pro Phe Ser Ile Glu Lieu. Glu Asp Pro Gln Pro Pro Pro 
225 23 O 235 24 O 

Asp His Ile Pro Arg Ser His His His His His His Ile Thr Gly Thr 
245 250 255 

Trp Tyr Asn Gln Lieu. Gly Ser Thr Phe Ile Val Thr Ala Gly Ala Asp 
26 O 265 27 O 

Gly Ala Lieu. Thr Gly Thr Tyr Glu Ser Ala Val Gly Asn Ala Glu Ser 
27s 28O 285 

Arg Tyr Val Lieu. Thr Gly Arg Tyr Asp Ser Ala Pro Ala Thr Asp Gly 
29 O 295 3 OO 

Ser Gly Thr Ala Lieu. Gly Trp Thr Val Ala Trp Lys Asn. Asn Tyr Arg 
3. OS 310 315 32O 

Asn Ala His Ser Ala Thr Thir Trp Ser Gly Glin Tyr Val Gly Gly Ala 
3.25 330 335 

Glu Ala Arg Ile Asn Thr Glin Trp Lieu. Lieu. Thir Ser Gly Ala Thr Glu 
34 O 345 35. O 

Ala Asn Ala Trp Llys Ser Thr Lieu Val Gly His Asp Thr Phe Thir Lys 
355 360 365 

Val Llys Pro Ser Ala Ala Ser Ser 
37 O 375 

<210s, SEQ ID NO 11 
&211s LENGTH: 158 

212. TYPE: PRT 

<213> ORGANISM: Human papillomavirus 

<4 OOs, SEQUENCE: 11 
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Met His Gln Lys Arg Thr Ala Met Phe Glin Asp Pro Glin Glu Arg Pro 
1. 5 1O 15 

Arg Llys Lieu Pro Gln Lieu. Cys Thr Glu Lieu. Glin Thir Thir Ile His Asp 
2O 25 3O 

Ile Ile Lieu. Glu. Cys Val Tyr Cys Lys Glin Gln Lieu. Lieu. Arg Arg Glu 
35 4 O 45 

Val Tyr Asp Phe Ala Phe Arg Asp Lieu. Cys Ile Val Tyr Arg Asp Gly 
SO 55 6 O 

Asn Pro Tyr Ala Val Cys Asp Llys Cys Lieu Lys Phe Tyr Ser Lys Ile 
65 70 7s 8O 

Ser Glu Tyr Arg His Tyr Cys Tyr Ser Leu Tyr Gly Thr Thr Lieu. Glu 
85 90 95 

Glin Glin Tyr Asn Llys Pro Lieu. Cys Asp Lieu. Lieu. Ile Arg Cys Ile Asn 
1OO 105 11 O 

Cys Glin Llys Pro Lieu. Cys Pro Glu Glu Lys Glin Arg His Lieu. Asp Llys 
115 12 O 125 

Lys Glin Arg Phe His Asn. Ile Arg Gly Arg Trp Thr Gly Arg Cys Met 
13 O 135 14 O 

Ser Cys Cys Arg Ser Ser Arg Thr Arg Arg Glu Thr Glin Lieu 
145 150 155 

<210s, SEQ ID NO 12 
&211s LENGTH: 151 
212. TYPE: PRT 

<213> ORGANISM: Human papillomavirus 

< 4 OO SEQUENCE: 12 

Met Phe Glin Asp Pro Glin Glu Arg Pro Thr Lys Lieu Pro Asp Lieu. Cys 
1. 5 1O 15 

Thr Glu Lieu Gln Thr Thr Ile His Asp Ile Ile Lieu. Glu. Cys Val Tyr 
2O 25 3O 

Cys Lys Glin Glin Lieu. Lieu. Arg Arg Glu Val Tyr Asp Phe Ala Phe Arg 
35 4 O 45 

Asp Lieu. Cys Ile Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp 
SO 55 6 O 

Lys Cys Lieu Lys Phe Tyr Ser Lys Ile Ser Glu Tyr Arg His Tyr Cys 
65 70 7s 8O 

Tyr Ser Leu Tyr Gly. Thir Thr Lieu. Glu Glin Glin Tyr Asn Llys Pro Leu 
85 90 95 

Cys Asp Lieu. Lieu. Ile Arg Cys Ile Asin Gly Glin Llys Pro Lieu. Cys Pro 
1OO 105 11 O 

Asp Glu Lys Glin Arg His Lieu. Asp Llys Lys Glin Arg Phe His Asn. Ile 
115 12 O 125 

Arg Gly Arg Trp Thr Gly Arg Cys Met Ser Cys Cys Arg Ser Ser Arg 
13 O 135 14 O 

Thir Arg Arg Glu Thr Glin Lieu. 
145 150 

<210s, SEQ ID NO 13 
&211s LENGTH: 98 

212. TYPE: PRT 

<213> ORGANISM: Human papillomavirus 

<4 OOs, SEQUENCE: 13 

Met His Gly Asp Thr Pro Thr Lieu. His Glu Tyr Met Lieu. Asp Leu Gln 
1. 5 1O 15 





US 9,079,976 B2 
85 
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protein construct 

<4 OOs, SEQUENCE: 15 

Met Lys Lieu. Cys Ile Lieu. Lieu Ala Val Val Ala Phe Val Gly Lieu. Ser 
1. 5 1O 15 

Lieu. Gly Arg Ser His His His His His His Ile Thr Gly. Thir Trp Tyr 
2O 25 3O 

Asn Glin Lieu. Gly Ser Thr Phe Ile Val Thir Ala Gly Ala Asp Gly Ala 
35 4 O 45 

Lieu. Thr Gly Thr Tyr Glu Ser Ala Val Gly Asn Ala Glu Ser Arg Tyr 
SO 55 6 O 

Val Lieu. Thr Gly Arg Tyr Asp Ser Ala Pro Ala Thr Asp Gly Ser Gly 
65 70 7s 8O 

Thir Ala Lieu. Gly Trp Thr Val Ala Trp Lys Asn. Asn Tyr Arg Asn Ala 
85 90 95 

His Ser Ala Thr Thr Trp Ser Gly Glin Tyr Val Gly Gly Ala Glu Ala 
1OO 105 11 O 

Arg Ile Asn. Thr Glin Trp Lieu. Lieu. Thir Ser Gly Ala Thr Glu Ala Asn 
115 12 O 125 

Ala Trp Llys Ser Thr Lieu Val Gly His Asp Thr Phe Thr Llys Val Lys 
13 O 135 14 O 

Pro Ser Ala Ala Ser Ser Glu Phe Lieu. Asp Llys Ile Glu Asp Glu Arg 
145 150 155 160 

Asn Lieu. His Glu Asp Phe Val Phe Met Lys Thir Ile Glin Arg Cys Asn 
1.65 17O 17s 

Thr Gly Glu Arg Ser Lieu. Ser Lieu. Lieu. Asn. Cys Glu Glu Ile Llys Ser 
18O 185 19 O 

Glin Phe Glu Gly Phe Wall Lys Asp Ile Met Lieu. Asn Lys Glu Glu Thir 
195 2OO 2O5 

Llys Lys Glu Asn. Ser Phe Glu Met Glin Lys Gly Asp Glin Asn Pro Glin 
21 O 215 22O 

Ile Ala Ala His Val Ile Ser Glu Ala Ser Ser Lys Thr Thr Ser Val 
225 23 O 235 24 O 

Lieu Gln Trp Ala Glu Lys Gly Tyr Tyr Thr Met Ser Asn Asn Lieu Val 
245 250 255 

Thir Lieu. Glu Asn Gly Lys Glin Lieu. Thr Val Lys Arg Glin Gly Lieu. Tyr 
26 O 265 27 O 

Tyr Ile Tyr Ala Glin Val Thr Phe Cys Ser Asn Arg Glu Ala Ser Ser 
27s 28O 285 

Glin Ala Pro Phe Ile Ala Ser Lieu. Cys Lieu Lys Ser Pro Gly Arg Phe 
29 O 295 3 OO 

Glu Arg Ile Lieu. Lieu. Arg Ala Ala Asn. Thir His Ser Ser Ala Lys Pro 
3. OS 310 315 32O 

Cys Gly Glin Glin Ser Ile His Leu Gly Gly Val Phe Glu Lieu Gln Pro 
3.25 330 335 

Gly Ala Ser Val Phe Val Asn Val Thr Asp Pro Ser Glin Val Ser His 
34 O 345 35. O 

Gly Thr Gly Phe Thr Ser Phe Gly Lieu. Leu Lys Lieu. 
355 360 

<210s, SEQ ID NO 16 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 



US 9,079,976 B2 
87 

- Continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 16 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
1. 5 1O 15 

<210s, SEQ ID NO 17 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 17 

Phe Glu Asn Asp Ala Glin Ala Pro Llys Ser 
1. 5 1O 

<210s, SEQ ID NO 18 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 18 

Lieu. Glin Asn Asp Ala Glin Ala Pro Llys Ser 
1. 5 1O 

<210s, SEQ ID NO 19 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 19 

Arg Ala His Tyr Asn Ile Val Thr Phe 
1. 5 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 2O 

Phe Ala Pro Gly Asn Tyr Pro Ala Leu 
1. 5 

<210s, SEQ ID NO 21 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 21 

Ser Ile Ile Asin Phe Glu Lys Lieu 
1. 5 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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<210s, SEQ ID NO 22 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 22 

Arg Ala His Tyr Asn Ile Val Thr Phe 
1. 5 

<210s, SEQ ID NO 23 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
6xHis tag 

<4 OOs, SEQUENCE: 23 

His His His His His His 
1. 5 

<210s, SEQ ID NO 24 
&211s LENGTH: 183 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 24 

Met Glu Arg Val Glin Pro Lieu. Glu Glu Asn Val Gly Asn Ala Ala Arg 
1. 5 1O 15 

Pro Arg Phe Glu Arg Asn Llys Lieu. Lieu. Lieu Val Ala Ser Val Ile Glin 
2O 25 3O 

Gly Lieu. Gly Lieu Lleu Lleu. Cys Phe Thr Tyr Ile Cys Lieu. His Phe Ser 
35 4 O 45 

Ala Lieu. Glin Val Ser His Arg Tyr Pro Arg Ile Glin Ser Ile Llys Val 
SO 55 6 O 

Glin Phe Thr Glu Tyr Lys Lys Glu Lys Gly Phe Ile Lieu. Thir Ser Glin 
65 70 7s 8O 

Lys Glu Asp Glu Ile Met Llys Val Glin Asn. Asn. Ser Val Ile Ile Asn 
85 90 95 

Cys Asp Gly Phe Tyr Lieu. Ile Ser Leu Lys Gly Tyr Phe Ser Glin Glu 
1OO 105 11 O 

Val Asn. Ile Ser Lieu. His Tyr Glin Lys Asp Glu Glu Pro Lieu. Phe Glin 
115 12 O 125 

Lieu Lys Llys Val Arg Ser Val Asn. Ser Lieu Met Val Ala Ser Lieu. Thir 
13 O 135 14 O 

Tyr Lys Asp Llys Val Tyr Lieu. Asn Val Thir Thr Asp Asn. Thir Ser Lieu. 
145 150 155 160 

Asp Asp Phe His Val Asn Gly Gly Glu Lieu. Ile Lieu. Ile His Glin Asn 
1.65 17O 17s 

Pro Gly Glu Phe Cys Val Lieu. 
18O 

<210s, SEQ ID NO 25 
&211s LENGTH: 23 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 25 
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Met Glu Arg Val Glin Pro Lieu. Glu Glu Asn Val Gly Asn Ala Ala Arg 
1. 5 1O 15 

Pro Arg Phe Glu Arg Asn Llys 
2O 

<210s, SEQ ID NO 26 
&211s LENGTH: 27 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 26 

Lieu. Lieu. Lieu Val Ala Ser Val Ile Glin Gly Lieu. Gly Lieu. Lieu. Lieu. Cys 
1. 5 1O 15 

Phe Thr Tyr Ile Cys Lieu. His Phe Ser Ala Leu 
2O 25 

<210s, SEQ ID NO 27 
&211s LENGTH: 133 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 27 

Glin Val Ser His Arg Tyr Pro Arg Ile Glin Ser Ile Llys Val Glin Phe 
1. 5 1O 15 

Thr Glu Tyr Lys Lys Glu Lys Gly Phe Ile Lieu. Thir Ser Glin Lys Glu 
2O 25 3O 

Asp Glu Ile Met Llys Val Glin Asn. Asn. Ser Val Ile Ile Asn. Cys Asp 
35 4 O 45 

Gly Phe Tyr Lieu. Ile Ser Lieu Lys Gly Tyr Phe Ser Glin Glu Val Asn 
SO 55 6 O 

Ile Ser Lieu. His Tyr Glin Lys Asp Glu Glu Pro Lieu. Phe Glin Lieu Lys 
65 70 7s 8O 

Llys Val Arg Ser Val Asn. Ser Lieu Met Val Ala Ser Lieu. Thir Tyr Lys 
85 90 95 

Asp Llys Val Tyr Lieu. Asn Val Thir Thr Asp Asn. Thir Ser Lieu. Asp Asp 
1OO 105 11 O 

Phe His Val Asin Gly Gly Glu Lieu. Ile Lieu. Ile His Glin Asn Pro Gly 
115 12 O 125 

Glu Phe Cys Val Lieu 
13 O 

<210s, SEQ ID NO 28 
&211s LENGTH: 3510 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (157) . . (7 O5) 

<4 OOs, SEQUENCE: 28 

t caatcgcct tittatctotg gcc ct gggac ctittgccitat tittctgattgataggctittg 

ttttgttctitt acct cottct ttctggggaa aactt cagtt ttatcgcacg titc.cccttitt 

c catat ctitc atctt.ccct c tacccagatt gtgaag atg gaa agg gtc. caa ccc 
Met Glu Arg Val Glin Pro 
1. 5 

Ctg gala gag aat gtg gga aat gca gcc agg cca aga t t c gag agg aac 
Lieu. Glu Glu Asn Val Gly Asn Ala Ala Arg Pro Arg Phe Glu Arg Asn 

aag ct a ttg ctg gtg gcc tict gta att cag gga citg ggg ctg. Ct c ctg 

6 O 

12 O 

174 

222 

27 O 
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ccittaactitg atataatgtg titatgctitat gg.cgctgtgg acaatctgat ttitt catgtc 1955 

aactitt coag atgatttgta acttct ctdt gccaaac citt ttataaa.cat aaatttittga 2015 

gatatgtatt ttaaaattgt agcacatgtt tocctgacat titt caataga gogatacaiaca 2O75 

t cacagaatc tittctggatg attctgtgtt atcaaggaat td tactgtgc tacaattatc 2135 

tctagaatct C cagaaaggt ggagggctgt t cqcc cttac act aaatggit ct cagttgga 21.95 

ttttitttittc ctgtttitcta titt cotctta agtacacctt caactatatt cocatcc ctic 2255 

tattittaatc tdt tatgaag gaagg taaat aaaaatgcta aatagaagaa attgtaggta 2315 

aggtaagagg aat Caagttctgagtggctg. cca aggcact cacagaatca taatcatggc 2375 

taaatattta tdgagggcct actgtggacc aggcactggg ctaaatactt acatttacaa 2435 

gaat cattct gagacagata ttcaatgata t ctdgct tca citact cagaa gattgttgttgt 2495 

gtgtttgttgt gtgtgtgttgt gtgtg tattt cacttitttgt tattgac cat gttctgcaaa 2555 

attgcagtta ct cagtgagt gatat cog aa aaagtaaacg tittatgact a taggtaatat 2615 

ttaagaaaat gcatggttca tttittaagtt tdgaatttitt atctatattt citcacagatg 2675 

tgcagtgcac atgcaggcct aagtatatgt ttgttgttgtt gtttgtc.ttt gatgtcatgg 2735 

t ccc ct ct ct taggtgctica citcgctittgg gtgcacctgg cct gctic titc ccatgttggc 279 

citctgcaa.cc acacagggat atttctgcta tdcaccagoc toacticcacc titcct tccat 2855 

caaaaatatgtctgttgttgtc. tcagt ccctg taagt catgt cct tcacagg gagaattaac 291.5 

Cctt.cgat at a catggcaga gttttgttggg aaaagaattgaatgaaaagt caggagat.ca 297 

gaattittaaa tittgacittag ccactaacta gcc atgtaac Cttgggaaag to atttic cca 3O35 

tittctgggtc. ttgcttittct ttctgttaaa tdagaggaat gttaaatatic taacagttta 3 O9.5 

gaat cittatgcttacagtgt tatctgtgaa tdcacatatt aaatgtctat gttcttgttg 3155 

citatgagt ca aggagtgtaa cct tct cott tactatottgaatgt attitt tttctggaca 3215 

agcttacatc titcct cagcc atc.tttgttga gtcct tcaag agcagttatic aattgttagt 3275 

tagatattitt c tatttagag aatgcttaag ggatt coaat ccc.gatccaa at cataattit 33.35 

gttcttaagt at actgggca ggit coccitat tittaagt cat aattittgtat ttagtgctitt 33.95 

cctggct citc agagag tatt aatattgata ttaataatat agittaatagt aatattgcta 3455 

titta catgga aacaaataaa agat citcaga attcactaaa aaaaaaaaaa aaaaa 3510 

What is claimed is: 
1. A combination comprising: 
(a) a first conjugate comprising (i) a conjugate member 

comprising an OX40L polypeptide and (ii) a conjugate 
member comprising a first member of a binding pair; 
and 

(b) a second conjugate comprising (i) a conjugate member 
comprising an antigen and (ii) a conjugate member com 
prising a second member of said binding pair. 

2. The combination of claim 1, wherein said first member 
of said binding pair comprises avidin, streptavidin, or core 
streptavidin, and said second member of said binding pair 
comprises biotin. 

3. The combination of claim 1, wherein said first antigen is 
selected from the group consisting of antigens associated 
with an infectious agent and tumor-associated antigens. 
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4. The combination of claim 3, wherein said antigen is 
associated with an infectious agent selected from the group 
consisting of bacteria, viruses and parasites. 

5. The combination of claim 3, wherein said antigen is a 
tumor-associated antigen. 

6. The combination of claim 1, further comprising an 
immune cell expressing a receptor for OX40L polypeptide, 

wherein said first conjugate is conjugated to said immune 
cell via binding between said OX40L polypeptide and 
said receptor, and said second conjugate is conjugated to 
said immune cell via binding between said first and 
second binding pair members. 
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